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Description 

FIELD OF THE INVENTION 

5 [0001 1 The invention is related to whole empty viral particles of the infectious bursal disease virus (IBDV), with imnnu- 
nogenic activity against IBDV, their production by means of genetic engineering and applications thereof, particularly in 
the production of animal health vaccines, for example, in the manufacture of vaccines against the avian disease called 
infectious bursal disease caused by IBDV and in the manufacture of gene therapy vectors. 

10 BACKGROUND OF THE INVENTION 

[0002] During the last four decades of the 20^ century, the appearance and global spreading of an avian disease 
called infectious bursal disease (IBD) occurred. IBD is characterized by the destruction of pre-B lymphocyte populations 
residing in the bursa of Fabricius of infected animals (Shamna JM et al. 2000. Infectious bursal disease virus of chickens: 

15 pathogenesis and Immunosuppression. Dev Comp Immunol. 24:223-35). This disease is caused by the infectious bursal 
disease virus (IBDV) belonging to the S/maWndae family (Leong JC et al. 2000. Virus Taxonomy Seventh Report of 
International Committee on Taxonomy of Viruses. Academic Press, San Diego, CA). In spite of the implementation of 
intensive vaccination programs, based on the use of combinations of live and inactivated vaccines, outbreaks of IBD 
are still reported in all chicken meat-producing countries (van den Berg TP et al. 2000. infectious bursal disease (Gumboro 

20 disease). Rev Sci Tech. 1 9:509-43). 

[0003] The virions of the infectious bursal virus lack a lipid envelope, have an icosahedral structure (symmetry T-13) 
and have a diameter of 65-70 nm (Bottcher B. et al. 1 997. Three-dimensional structure of infectious bursal disease virus 
determined by electron cryomicroscopy. J Virol. 71:325-30; Cast6n JR et al., 2001. C temninus of Infectious bursal 
disease virus majorcapsid protein VP2 is involved in definition of the t number for capsid assembly. J Virol. 75:1 081 5-28). 

25 The capsid is fomried by a single protein layer containing four different polypeptides called VPX, VP2, VPS and VP1, 
respectively. The VPX, VP2 and VP3 proteins are produced by means of proteolytic processing of a precursor, referred 
to as viral polyprotein, encoded by genomic segment A. The VP1. protein is produced by means of expression of the 
corresponding gene encoded by segment B. 

[0004] The viral polyprotein, synthesized as a precursor of 1 09 kDa, is processed cotranslationally, giving rise to the 

30 formation of three polypeptides ref en-ed to as VPX, VP3 and VP4. VP4 is responsible for this processing (Birghan C. et 
al. 2000. A non-canonical Ion proteinase lacking the ATPase domain employs the Ser-Lys catalytic dyad to exercise 
broad control over the life cycle of a double-stranded RNA virus. Embo J. 1 9:1 1 4-23). VP3 is a polypeptide of 29 kDa 
fomiing trimericsubunits coating the inner layer of the capsid. VPX (also known as pVP2) undergoes asecond proteolytic 
processing giving way to the mature form of the protein called VP2. The outer surface of the virions is fomried by trimeric 

35 subunits constituted of a variable ratio of VPX and VP2 (Chevalier C et al, 2002. The maturation process of pVP2 requires 
assembly of infectious bursal disease virus capsids. J Virol. 76:2384-92; Lombardo E et al. 1999. VP1, the putative 
RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the capsid protein VP3, 
leading to efficient encapsidation into virus-like particles. J Virol. 73:6973-83). It has been suggested that the conversion 
of VPX to VP2 is associated with the formation of mature capsids (Chevalier C et al. 2002. The maturation process of 

40 pVP2 requires assembly of infectious bursal disease virus capsids. J Virol. 76:2384-92; Martmez-Ton-ecuadrada JL 
2000. Different architectures in the assembly of infectious bursal disease virus capsid proteins expressed in insect cells. 
Virology. 278:322-31). The polyprotein proteolytic processing sites have been characterized (Da Costa B et al. 2002. 
The capsid of infectious bursal disease virus contains several small peptides arising from the maturation process of 
pVP2. J Virol. 76:2393-402; Sanchez AB & Rodriguez JF. 1 999. Proteolytic processing in infectious bursal disease virus: 

45 identification of the polyprotein cleavage sites by site-directed mutagenesis. Virology. 262:190-9), which allows for a 
reliable expression of the polypeptides of the capsid. The viral RNA-dependent RNA polymerase (RdRp) viral, called 
VP1 , interacts with the VP3 protein, giving rise to a complex facilitating its encapsidation (Lombardo E ct al. 1 999. VP1 , 
the putative RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the capsid protein 
VP3, leading to efficient encapsidation into virus-like particles. J Virol. 73:6973-83; Tacken M et al, 2000. Interactions 

50 in vivo between the proteins of infectious bursal disease virus: capsid protein VP3 interacts with the RNA-dependent 
RNA polymerase, VP1. J Gen Virol. 81 Pt 1:209-18). The domain of the protein VP3 responsible for this interaction is 
located in its 1 6 C-tenninal residues (Maraver A et al. Identification and molecular characterization of the RNA polymer- 
ase-binding motif of the inner capsid protein VP3 of infectious bursal disease vims. J. Virol. 77:2459-2468). The protein 
VP3 interacts with RNA unspecificaily. This reaction does not require" the existence of specific sequences in the RNA 

55 molecule (Kochan G et al. 2003. Characterization of the RNA binding activity of VP3, a major structural protein of IBDV. 
Archives of Virology 1 48:723-744). As with that observed with other internal capsid proteins of other viruses, it seems 
likely, that VP3 stabilizes the genomic RNA in the viral particle. 

[0005] Conventional vaccines used for controlling infectious bursal disease are based on the use of strains, with 
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different degrees of virulence, of the IBDV itself grown in cell culture or in embryonated eggs. The extracts containing 
the infectious material are subjected to chemical inactivation processes to produce inactivated vaccines, or else are 
used directly to produce live attenuated vaccines (Sharma JM et al. 2000. Infectious bursal disease virus of chickens: 
pathogenesis and Immunosuppression. Developmental and Comparative Immunology 24:223-235; van den Berg TP et 
5 al. 2000. Rev Sci Tech 2000, 1 9:509-543). This latter type of vaccines has the typical drawbacks associated with the 
use of live attenuated vaccines, specifically, the risk of mutations reverting the virulence of the virus or making it lose 
its immunogenicity. 

[0006] Recombinant subunit vaccines containing the IBDV protein VP2 expressed in several expression systems, for 
example, bacteria, yeasts or baculovirus, usually in fusion protein fomn, have been disclosed. The results obtained in 

to chicken immunization tests with said vaccines have not been completely satisfactory. 

[0007] Empty viral capsids or virus-like particles (VLPs,) constitute an alternative to the use of live attenuated vaccines 
and of recombinant subunit vaccines. VLPs are obtained by self-assembly of the subunits constituting the viral capsid 
and mimicking the structure and antigenic properties of the native virion, even thought they lack genetic material, as a 
result of which they are incapable of replicating themselves. Apart from their application for vaccination purposes, VLPs 

15 can be used as vectors of molecules of biological Interest, for example, nucleic acids, peptides or proteins. By way of 
illustration, parvovirus VLPs (US 6,458,362) or human immunodeficiency virus (HIV) VLPs (US 6,602,705), can be 
mentioned. 

[0008] Morphogenesis is a vital process for the viral cycle requiring successive steps associated to modifications in 
the polypeptide precursors. As a result, viruses have developed strategies allowing the sequential and cored interaction 
20 between each one of its components. One of these strategies, frequently used by icosahedral viruses, is the use of 
polypeptides coming from a single polyproteln as the base of its stmctural components, in these cases, the suitable 
proteolytic processing of said polyproteln plays a crucial role in the assembly process. 

[0009] The production of several IBDV VLPs by means of expression of the viral polyproteln using different expression 
systems have been disclosed. In 1997, Vakharia disclosed for the first time, obtainment of IBDV VLPs in insect cells 

25 (Vakharia, V. N. 1997. Development of recombinant vaccines against Infectious bursal disease. Biotechnology Annual 
Review 3:1 51 -68). Later, in 1 998, the research group to which the inventors belonged proved the possibility of obtaining 
IBDV VLPs In mammal cells (Ferndndez-Arias A et al. 1998. Expression of ORF A1 of infectious bursal disease virus 
results in the formation of vlms-IIke particles, J. Gen. Virol. 79:1047-54). In 1999, an article was published disclosing 
the obtaining of IBDV VLPs in insect cells by another research group (Kibenge FS et al. 1999. Fonnation of virus-like 

30 particles when the polyproteln gene (segment A) of infectious bursal disease virus is expressed in insect cells. Can J 
Vet Res 63:49-55). A subsequent study, published by the laboratory to which the inventors belong, in collaboration with 
INGENASA S.A., proved that the morphogenesis of IBDV VLPs in insect cells infected with recombinant baculoviruses 
expressing the IBDV polyprotein is very ineffecth^e and leads to the major accumulation of abnomnal tubular structures 
(Martinez-Tprrecuadrada JL et al. 2000. Different architectures in the assembly of infectious bursal disease virus capsid 

35 proteins expressed in insect cells. Virology 278:322-331 ). These results were subsequently corroborated (Chevalier C 
ct al. 2002. The maturation process of pVP2 requires assembly of infectious bursal disease virus capsids. J. Virol. 
76:2384-92). In that same article, that group of researchers proved the possibility of obtaining an efficient morphogenesis 
by means of the expression of a chimeric polyprotein fomned by the fusion of the open reading frame (ORF) corresponding 
to the green fluorescent protein (GFP) and to 3' end of the open reading phase of the IBDV polyprotein. The expression 

40 of this chimeric polyproteln leads to the fonnation of recombinant IBDV VLPs, containing in their interior a VP3-GFP 
recombinant fusion protein, different from the one present in the IBDV virions. On the other hand, the results disclosed 
in this latter research project do not provide infomnation concerning the mechanism responsible for the ineffectiveness 
of the morphogenetic process of the IBDV VLPs in insect cells. 

[001 0] It is important to stress that all the VLPs disclosed previously lack the VP1 protein, which is present in the IBDV 
45 virions. The only reference to the obtaining of IBDV VLPs including VP1 have been canied out by researchers of the 
laboratory that the inventors belong to (Lombardo E et al. 1999. VP1, the putative RNA-dependent RNA polymerase of 
infectious bursal disease virus, forms complexes with the capsid protein VP3, leading to efficient encapsidation into 
virus-like particles. J. Virol. 73:6973-83), using the vaccine virus as the vector, which prevents the possible use of said 
VLPs for vaccination purposes. 
50 [0011] The different processes of producing IBDV VLPs previously described suffer from different defects reducing 
or preventing their applicability for the generation of vaccines against IBDV, given that: 

i) the production of IBDV VLPs in mammal cells Is based on the use of recombinants of the vaccine virus; however, 
that production system has a very high cost and, as it uses a recombinant virus capable of infecting both mammals 
55 and birds, it does not meet the biosafety conditions necessary for its use as a vaccine; 

il) the production of IBDV VLPs In insect cells using conventional expression systems, I.e. recombinant baculoviruses 

only expressing the viral polyprotein, is very inefficient, leading to practically no production of VLPs; 

iii) the production of IBDV VLPs in insect cells by means of the expression of a chimeric polyprotein (formed by the 
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fusion of the ORF corresponding to the GFP at the 3' end of the ORFcon-esponding to the IBDV polyprotein) results 
in the production of IBDV VLPs containing a fusion protein VP3-GFP, which introduces a protein clement not present 
in IBDV virions, of unknown effect and of doubtful applicability in the chicken food chain for human consumption, and 
iv) none of the systems described above for the production of IBDV VLPs based on the use of reconrtbinant bacu- 
loviruses allows for obtaining IBDV VLPs containing all the antigens present in the IBDV virions. 

SUMMARY OF THE INVENTION 

[0012] The invention generally is aimed at the problem of providing new effective and safe vaccines against the 
infectious bursal disease virus (IBDV). 

[0013] The solution provided by this invention is based on it being possible to obtain IBDV VLPs correctly assembled 
by means of the simultaneous expression of the viral polyprotein and the IBDV VP1 protein from two independent open 
reading frames (ORFs) in suitable host cells. In a particular embodiment, the expression of said ORFs is controlled by 
different promoters. Said IBDV VLPs are fonned by auto-assembly of the IBDV VPX, VP2, VP3 and VP1 proteins, 
whereby they contain all the antigenically relevant protein elements present in the purified and infective IBDV virions 
and, for this reason, are called "whole IBDV VLPs" In this description. Given that said whole (complete) IBDV VLPs 
contain ail the antigenically relevant protein elements present in the purified and infective virions of IBDV so as to induce 
an immunogenic or antigenic response, said whole IBDV VLPs can be used for therapeutic purposes, for example, in 
the development of vaccines, such as vaccines for protecting birds from the Infection caused by IBDV or in the devel* 
opment of gene therapy vectors; for diagnostic purposes, etc. 

[0014] The obtained results cleariy show that: (i) IBDV VP3 protein, expressed in insect cells from the expression of 
the viral polyprotein, undergo a proteolytic processing eliminating the last 13 amino acid residues from its C-temninal 
end; (ii) the resulting VP3 protein (called VP3T) is incapable of forming oligomers, which produces a virtually complete 
blocking of the morphogenetic process inducing virtually no production of VLPs; and (iii) the association of the VP3 
protein with the VP1 protein protects the first one {VP3) against the proteolytic processing. 

[001 5] These results have allowed for designing a new strategy or process for the efficient production of whole IBDV 
VLPs and which, unlike the previously described methods, have an effective morphogenesis while at the same time the 
presence therein of heterologous protein elements inexistent in purified viral particles is prevented. This strategy is based 
on the use of a gene expression vector or system allowing the coexpression of the viral polyprotein and of the VP1 
protein as independent ORFs, which assures the presence of the viral polyprotein and of the IBDV VP1 protein during 
the assembly process of the whole IBDV VLPs. Underthese conditions, the VP3 and VP1 proteins form stable complexes 
hindering the proteolytic degradation of VP3, assuring its proper functioning, and leading to the incorporation of VP1 in 
the IBDV VLPs. 

[0016] In a particular embodiment, said gene expression system is based on the use of a dual recombinant baculovlms 
simultaneously expressing the viral polyprotein and the IBDV VP1 protein from two independent ORFs controlled by 
different promoters. In another particular embodiment, said whole IBDV VLPs are obtained as a result of the coinfection 
of host cells, such as insect cells, with two recombinant baculoviruses, one of them capable to express the viral polyprotein 
and the other one, the IBDV VP1 protein. 

[0017] The vaccines obtained by using said whole IBDV VLPs have a number of advantages since it prevents the 
handling of highly infectious material, it prevents the potential risk of the occurrence of new IBDV mutants, and eliminates 
the use of a live virus on poultry farms, thus preventing the risk of spreading IBDV vaccine strains to the environment. 
[0018] Consequently, one aspect of the present invention is related to a whole IBDV VLP made up by assembly of 
the IBDV PVX, VP2, VP3 and VP1 proteins. Said whole IBDV VLP has antigenic or immunogenic activity against the 
infection caused by IBDV. 

[0019] A further aspect of this invention is related to a process for the production of said whole IBDV VLPs provided 

by this invention, based on the gene coexpression of the viral polyprotein and of the IBDV VP1 as two independent 
ORFs in suitable host cells. In a particular embodiment, the expression of said ORFs is controlled by different promoters. 
[0020] The gene constructs, expression systems and host cells developed for the implementation of said production 
process of said whole IBDV VLPs, as well as their use for the production of said whole IBDV VLPs, constitute further 
aspects of the present invention. 

[0021] Said whole IBDV VLPs have the ability to immunize animals, particularly, birds, against the avian disease 
caused by IBDV, as well as the ability to vectorize or incorporate Into vehicles molecules of biological interest, for example, 
polypeptides, proteins, nucleic acids, etc. In a particular embodiment, said whole IBDV VLPs can be used in the devel- 
opment of vaccines to protect birds against the virus causing the avian disease known as infectious bursal disease 
(IBDV). Virtually any bird, preferably those avian species of economic interest, for example, chickens, turkeys, ganders, 
geese, pheasants, partridges, ostriches, etc., can be immunized against the infection caused by IBDV with the vaccines 
provided by this invention. In another particular embodiment, said whole IBDV VLPs can internally incorporate into 
vehicles products with biological activity, for example, nucleic acids, peptides, proteins, drugs, etc., whereby they can 
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be used in the manufacture of gene therapy vectors. 

[0022] Therefore, in a further aspect, the present invention is related to the use of said whole IBDV VLPs in the 
manufacture of medicaments, such as vaccines and gene therapy vectors. Said vaccines and vectors constitute further 
aspects of the present invention, tn a particular embodiment, said vaccine is a vaccine useful for protecting birds from 
5 the infection caused by IBDV. In a specific embodiment, said birds are selected from the group fomned by chickens, 
turkeys, ganders, geese, pheasants, partridges, ostriches, preferably chickens. 

[0023] In another aspect, the invention is related to a process for the production of recombinant baculoviruses useful 
for the production of whole IBDV VLPs. In a particular embodiment, the recombinant obtained baculoviruses are dual, 
i.e. the same recombinant baculovirus is able to express in suitable host cells the viral polyprotein and the IBDV VP1 

10 protein from two ORFs, independent and controlled by promoters of different baculoviruses. In another particular em- 
bodiment, recombinant baculoviruses are obtained which are able to express in suitable host cells the viral polyprotein 
from a nucleic acid sequence comprising the ORFs con'esponding to the IBDV polyprotein underthe control of a promoter, 
and recombinant baculoviruses able to express in suitable host cells the IBDV VP1 protein from a nucleic acid sequence 
comprising the ORF con'esponding to the IBDV VP1 under the control of a promoter, the same as or different from the 

^5 one controlling the expression of the viral polyprotein in said recombinant baculoviruses able to express the viral poly- 
protein. The resulting recombinant baculoviruses constitute a further aspect of the present invention. Said rBVs can be 
used for the production of whole IBDV VLPs. 

BRIEF DESCRIPTION OF THE FIGURES 

20 

[0024] 

Figure 1 shows the effect of the C-terminal deletion of the IBDV VP3 in the morphogenesis of VLPs. Rgure 1 A 
shows a diagram which graphically represents the genes derived from IBDV expressed by the different recombinants 
25 of the vaccine virus [VT7/Poly (Poly), disclosed by Fernandez-Arias et al. (Fernandez-Arias A et al. 1 998. Expression 
ofORFAl ofinfectiousbursaldiseasevirusresuftsinthefomnationofvirus-likeparticies. J. Gen. Virol. 79:1 047-1 054), 
VT7/PolyA907-1 01 2 (PolyA907-1 01 2) and VT7A/P3 (VP3)] usedforchecking the effect of the C-terminal end deletion 
of VP3 in the fomnation of IBDV VLPs in mammal cells. VT7/Poly (Poly) expresses the whole polyprotein. 
VT7/PolyA907-1012 (PolyA907-1012) expresses a deleted fonm of the polyprotein lacking the 150 C-temninal resi- 
de dues. VT7/VP3 (VPS) expresses the whole VP3 polyprotein. Figure 1 B illustrates the effect of the deletion of the 
C-tenninal end of the IBDV polyprotein on the subcellular distribution of the VPX (pVP2) and VP2 proteins, and 
includes digital confocal microscopy images obtained from infected cells with the recombinants VT7/Poly (Poly), 
VT7/PolyA907-1012 (PolyA907-1012) and VT7/VP3 (VPS), respectively. The cells were fixed at 24 hours post-in- 
fection (h.p.i.) and incubated with anti- IBDV VPX/2 (anti-pVP2A^P2) rabbit serum and with anti- IBDV VPS rat serum, 
35 followed by incubation with anti-rabbit IgG goat immunoglobulin coupled to Alexa 488 (green) and with anti-rat IgG 
goat immunoglobulin coupled to Alexa 488 (red). Figure IC shows the effect of the deletion of the C-tenninal end of 
the IBDV polyprotein on the assembly of the capsids; cell extracts infected with VT7/Poty (Poly), VT7/PolyA907-1 012 
(PolyA907-1012) or coinfected with VT7/PolyA907-1012 (PolyA907-1012) and VT7A/P3 (VPS) were subjected to 
fractioning on sucrose gradient. An aliquot of each one of the fractions was placed on an electron microscopy grid, 
^ negatively stained and viewed by means of electron microscopy. The images represent the assemblies detected in 
equivalent fractions of the different gradients. 

Figure 2 shows the results of a comparative analysis by means of Western blot of the IBDV VP3 protein expressed 
in different expression systems; cell extracts infected with IBDV, VT7/Poly and FB/Poly, respectively, were subjected 
to sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE) and Westem blot analysis using anti-IBDV 
45 VPS rabbit serum, followed by incubation with goat immunoglobulin coupled to peroxidase (HRPO: horse radish 
peroxidase). The signal was detected by means of ECL (Enhanced Chemiolumineseence). The position of the 
immunoreactive bands and those of the molecular weight markers arc indicated. 

Figure 3 shows the characterization of C-temninal proteolysis of the IBDV VPS protein expressed in insect cells. 
Figure 1 A shows a diagram graphically representing the his-VPS gene containing a histidine tag fused to the M-ter- 

so minal end of VPS expressed by the recombinant baculovirus FB/his-VPS [occasionally called in this description 

FB/his-VPS wt (wild type)]. The sequence corresponding to the histidine tag and the first amino acid residue core- 
spending to VP3 (underiined) is indicated. Samples con'esponding to whole H5 cell extracts (GIBCO), also identified 
in this description as H5 cells, infected with FB/his-VPS, or to the his-VPS protein purified by affinity were subjected 
to SDS-PAGE and Western blot analysis using antl-VPS rabbit serum (Figure 1 B) or anti-histidine tag (antl-his tag) 

55 (Figure IC) followed by incubation with goat immunoglobulin coupled to peroxidase. The signal was detected by 

means of ECL. The position of the immunoreactive bands and those of the molecular weight markers are indicated. 
Figure 4 shows the location of the proteolytic cutting site of the IBDV VPS protein in insect cells. Figure 1 A is a 
diagram graphically representing the group of deleted his-VPS proteins used in the detemnination of the position of 
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the proteolytic cutting site of the IBDV VP3 protein in insect cells. Figure IB shows the result of a Western blot 
analysis of the different deleted his-VP3 proteins expressed in H5 cells and purified by imnnobilized metal affinity 
chromatography (IMAC). H5 cell culture extracts infected with each one of the recombinant baculoviruses were 
subjected to purification in HlTrap affinity columns (Amersham Phamriacia Biotech). The purified proteins were 
5 subjected to SDS-PAGE and Western blot analysis using anti-VP3 rabbit serum, followed by incubation with goat 

immunoglobulin coupled to peroxidase. The signal was detected by means of ECL. The position of the immunore- 
active bands and those of the molecular weight markers are indicated. The an-ows indicate the position of the whole 
protein (F) and the one con-esponding to the proteolyzed fonri (T). 

Figure 5 illustrates that the proteolytic processing of IBDV VPS in insect cells causes the elimination of a peptide of 

10 1 .560 Da from the C-tennlnal end of his- VPS. H5 cell extracts infected with FB/his-VPS were subjected to purification 

by means of IMAC and the resulting purified protein was analyzed by means of mass spectrophotometry in triplicate. 
Figure 6A shows the results of one of these experiments. The presence of two polypeptides of S2.004 and S0.444 
Da, respectively, was determined, which proves that the proteolytic processing produces the elimination of a peptide 
of 1 .560 Da from the C-temninal end of his-VP3, size which fits with the molecular mass (1 .576 Da) con^sponding 

15 to the 13 C-temninal residues oflBDV VPS, the sequence of which is shown in Figure 5B. 

Figure 6 shows the effect of the coexpression of IBDV VP1 on the proteolysis of hls-VP3. Figure 6A shows the 
detection of VP3A/P1 complexes. H5 cells were infected with FB/his-VP3 or with FBD/his- VPS-VP 1. At 72 h.p.i., 
the cells were harvested and the corresponding extracts subjected to purification in HiTrap affinity columns (Amer- 
sham Phannacia Biotech). Samples corresponding to total extracts (T) or to purified proteins were subjected to 

20 SDS-PAGE. The gels were subsequently stained with silver nitrate. The position of the molecular weight maricers 

is Indicated. Figure 6B shows the results of a Westem blot analysis of extracts of H5 cells infected with FB/his-VPS, 
FBD/his-VPS-VP1, or coinfected with FB/his-VP3 and FBA/P1, respectively. The infected ceils were harvested at 
72 h.p.i. and homogenized. The con-esponding extracts were subjected to SDS-PAGE and Westem blot analysis 
using anti-VPS rabbit serum, followed by incubation with goat immunoglobulin coupled to peroxidase. The signal 

25 was detected by means of ECL. The position of the molecular weight markers is indicated. 

Figure 7 shows the location of the oligomerization domain. Figure 7A is a diagram graphically representing the group 
of deleted his-VPS proteins used In the determination of the VPS oligomerization domain position. The deleted 
regions are Indicated with the dotted line. The name of each mutant indicates the location of eliminated amino acid 
remains in the sequence of the IBDV VPS protein. Figure 7B shows the detection of VPS oligomers. The different 

30 his-VPS deletion proteins, purified by HiTrap affinity columns (Amersham Phannacia Biotech), were subjected to 

SDS-PAGE and Westem blot analysis using anti-VPS rabbit serum, followed by incubation with goat immunoglobulin 
coupled to peroxidase. Figure 1 C shows the results of a Western blot analysis. The samples described in the previous 
paragraph (Rgure 7B) were subjected to non-denaturing electrophoresis followed by Westem blot analysis using 
anti-VPS rabbit scrum, followed by incubation with goat immunoglobulin coupled to peroxidase. Figure 7D shows 

35 the detection of VPS oligomers produced by VPS C-terminal deletion mutants. The purified proteins were subjected 

to SDS-PAG E and Westem blot analysis using anti-VPS rabbit serum, followed by incubation with goat immunoglob- 
ulin coupled to peroxidase. The signal was detected by means of ECL The position of the molecular weight maricers 
is indicated. 

Figure 8 shows the detemriination of the effect of the coexpression of IBDV VP1 on the proteolytic processing of 
40 IBDV VPS and the subcellular distribution of the proteins of the capsid. Figure 8A illustrates the detection of the 

IBDV VP1 and VPS proteins accumulated in H5 cells infected with FB/Poly and FBD/Poly-VP1 , respectively. Infected 
cells were harvested at 24, 48 and 72 h.p.i. The samples were subjected to SDS-PAGE and Westem blot analysis 
using anti-VPS or anti-VP1 rabbit serum, followed by incubation with goat immunoglobulin coupled to peroxidase. 
The position of the molecular weight markers Is indicated. The subcellular distribution of the VPX/2 (pVP2A/P2) and 
45 VPS proteins in cells infected with FB/Poly and FBD/Poly-VPI was analyzed by confocal microscopy (Figure 8B). 

The cells were fixed at 60 h.p.i., and then incubated with anti-VPX rabbit serum (anti-pVP2) and anti-VPS rat scrum 
followed by incubation with anti-rabbit IgG goat immunoglobulin coupled to Alexa 488 (green) and with anti-rat IgG 
goat immunoglobulin coupled to Alexa 488 (red). The arrows indicate the position of the viroplasms fomned by VPX/2 
(pVP2A/P2) and VPS. 

50 Figure 9 illustrates the characterization of the structures fomried by expression of the IBDV polyprotein in cells 

infected with FB/Poly-VP1 . Figure 9A shows a set of micrographs of the structu res obtained in the different fractions. 
H5 cells were infected with FB/Poly (Poly) or with FBD/Poly-VP1 (Poly-VP1). The cells were harvested at 90 h.p.i. 
and the corresponding extracts were used for the purification of structures by means of sucrose gradients. After 
centrifugation, 6 aliquots of 2 ml were taken. One part of the aliquot was placed on a grid, negatively stained with 

55 uranyl acetate, and analyzed by means of observation in the electron microscope. Fractions #1 correspond to the 

bottom of the gradients. Fractions #6, which contained soluble protein and de-assembled structures, are not shown. 
Die bar con-esponding to 200 nm. Figure 9B is a micrograph showing purified VLPsfrom cells infected with FBD/Po- 
ly-VPI . The image corresponds to fraction #5 of the gradient obtained from cells infected with FBD/Poly-VP1 . The 
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enlarged boxes show 2 VLPs at a larger amplification. Figure 9C shows the characterization of the polypeptides 
present in fraction #5 of both gradients. An aliquot of fraction #5 of each gradient was subjected to SDS-PAGE and 
Western blot analysis using anti-VPI, anti-VPX (anti-pVP2A/P2) or antl-VP3 rabbit scrum, followed by incubation 
with goat immunoglobulin coupled to peroxidase. The position of VPX (pVP2), VP2, whole VP3 (F) and proteoiyzed 
5 VPS (T) Is shown. 

DETAILED DESCRIPTION OF THE INVENTION 

[0025] In a first aspect, the invention provides a whole empty viral capsid of the infectious bursal disease virus (IBDV), 
10 hereinafter whole IBDV VLP (whole VLPs in plural fomri) of the invention, characterized in that it contains all the proteins 
present in purified and infective IBDV virions, specifically the IBDV VPX, VP2, VP3 and VP1 proteins. 
[0026] The tenri "IBDV", as it is used in the present invention, refers to the different IBDV strains belonging to any of 
the serotypes (1 or 2) known [by way of illustration , see the review earned out by van den Berg TP, Eterradossi N, Toquin 
D, Meulemans G., in RevSci Tech 2000 19:509-43]. 
f5 [0027] The temis "viral polyprotein" or "IBDV polyprotein" are indistinctly used in this description and refer to the 
product resulting from the expression of the A segment of the IBDV genome the proteolytic processing of which gives 
rise to the VPX (pVP2), VP3 and VP4 proteins, and include the different forms of the polyprotelns representative of any 
of the mentioned IBDV strains [NCBI protein databanic], according to the definition earned out by Sanchez and Rodriguez 
(1999) (Sanchez AB & Rodriguez JF. Proteolytic processing In Infectious bursal disease virus: identification of the 
20 polyprotein cleavage sites by site-directed mutagenesis. Virology. 1999 Sep 15; 262(1 ):1 90-1 99), as well as proteins 
substantially homologous to said IBDV polyprotein, i.e. proteins the amino acid sequences of which have a degree of 
identity regarding said IBDV polyprotein of at least 60%, preferably of at least 80%, more preferably of at least 90% and 
even more preferably of at least 95%. 

[0028] The term "IBDV VP1 protein" refers to the product resulting from the expression of segment B of the IBDV 
25 genome and Includes the different fornns of the VP1 proteins representative of any of the mentioned IBDV strains [NCBI 
protein databank], according to the definition carried out by Lombardo E ct al. 1 999. VP1 , The putative RNA-dependent 
RNA polymerase of infectious bursal disease virus, fomis complexes with the capsid protein VP3, leading to efficient 
encapsidatlon into virus-like particles. J. Virol. 73:6973-83) as well as proteins substantially homologous to said IBDV 
VP1 protein, i.e. proteins the amino acid sequences of which have a degree of identity regarding said IBDV VP1 of at 
30 least 60%, preferably of at least 80%, more preferably of at Jeast 90% and even more preferably of at least 95%. 

[0029] The IBDV VPX (pVP2), VP2 and VP3 proteins present in the whole IBDV VLPs of the invention can be any of 
the VPX, VP2 and VP3 proteins representative of any IBDV strain obtained by proteolytic processing of the viral poly- 
protein, for example the IBDV Soroa strain VPX, VP2 and VP3 proteins [NCBI, access number AAD301 36]. 
[0030] The IBDV VP1 protein present in the whole IBDV VLPs of the invention can be any VP1 protein representative 
35 of any IBDV strain, for example, the whole length, Soroa strain VP1 protein, the amino acid sequence of which is shown 
in SEQ. ID. NO: 2. 

[0031] In a particular embodiment, the whole IBDV VLPs of the Invention have a diameter of 65-70 nm and a polygonal 
contour indistinguishable from the IBDV virions. 

[0032] The whole IBDV VLPs of the invention can be obtained by means of the simultaneous expression of said IBDV 
40 viral polyprotein and VP1 protein in suitable host cells. Said suitable host cells are cells containing the encoding nucleotide 
sequence of the IBDV polyprotein under the control of a suitable promoter and the encoding nucleotide sequence of the 
IBDV VP1 protein under the control of another suitable promoter, either in a single gene construct or In two different 
gene constructs. In a particular embodiment, said suitable host cells are cells that are transfomied, transfected or infected 
with a suitable expression system, such as (1) an expression system comprising a gene construct, in which said gene 
45 construct comprises the nucleotide sequence encoding for the IBDV polyprotein under the control of a promoter and the 
encoding nucleotide sequence of the IBDV VP1 protein under the control of another promoter different from the one 
which is operatively bound to the nucleotide sequence encoding the viral polyprotein, or, altematively, (2) an expression 
system comprising a first gene construct comprising the nucleotide sequence encoding for the IBDV polyprotein, and a 
second gene construct comprising the nucleotide sequence encoding for the IBDV VP1 protein, each one of them under 
50 the control of a suitable promoter In a particular embodiment, said host cell is an insect cell and said promoters are 
baculovirus promoters. 

[0033] Therefore, in another aspect, the invention is related to a gene construct comprising the nucleotide sequence 
encoding for said IBDV polyprotein and the nucleotide sequence encoding for said IBDV VP1 protein, in the form of two 
independent CRFs, the expression of which is controlled by respective different promoters controlling the gene expression 
55 of each one of said IBDV viral polyprotein and VP1 protein. Therefore, the invention provides a gene construct comprising 
(i) a nucleotide sequence comprising the open reading frames con-esponding to the polyprotein of the infectious bursal 
disease virus (IBDV) operatively bound to a nucleotide sequence comprising a first promoter and (ii) a nucleotide se- 
quence comprising the open reading frame corresponding to the TBDV VP1 protein operatively bound to a nucleotide 
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sequence comprising a second promoter, in which said first promoter is different from said second promoter. The use 
of said different promoters allows the independent and simuitaneous control of the gene expression of said IBDV poly- 
protein and VP1 protein. 

[0034] A feature of the gene construct provided by this invention is that it comprises the nucleotide sequences encoding 
5 for all the protein elements present in the purified and infective IBDV virions, specifically, the VPX, VP2, VPS and VP1 
proteins. 

[0035] As it is used in this description, the term "ORFs (or open reading frames) corresponding to the IBDV polyprotein" 
or "ORF (open reading frame) corresponding to the IBDV VP1 protein" includes, in addition to the nucleotide sequences 
of said ORFs, other ORFs analogous to the same encoding sequences of the IBDV viral polyprotein and of the IBDV 

10 VP1 . The temn "analogous", as it is used herein, intends to include any nucleotide sequence which can be isolated or 
- constructed on the base of the encoding nucleotide sequence of the viral polyprotein and the IBDV VP1 , for example, 
by means of the introduction of conservative or non-conservative nucleotide replacements, including the insertion of 
one or more nucleotides, the addition of one or more nucleotides at any end of the molecule, or the deletion of one or 
more nucleotides at any end or inside of the sequence. Generally, a nucleotide sequence analogous to another nucleotide 

15 sequence is substantially homologous to said nucleotide sequence. In the sense used in this description, the expression 
"substantially homologous" means that the nucleotide sequences in question have a degree of identity, at the nucleotide 
level, of at least 60%, advantageously of at least 70%, preferably of at least 80%, more preferably of at least 85%, even 
more preferably of at least 90%, and yet even more preferably of at least 95%. 

[0036] The promoters which can be used in the implementation of the present invention generally comprise a nucleic 
20 acid sequence to which the RNA polymerase is bound so as to begin the mRNA transcription and to express said ORFs 
corresponding to the viral polyprotein and to the TBDV VP1 protein in suitable host cells. Although virtually any promoter 
meeting these conditions can be used to implement the present invention, for example, promoters of a viral, bacterial, 
yeast, animal, plant origin, etc., in a particular embodiment said promoters are viral promoters, for example, baculovirus 
promoters. 

25 [0037] The expression of each one of said nucleotide sequence encoding for said viral polyprotein and IBDV VP1 
protein, in the form of two independent ORFs, is controlled by respective different promoters controlling the gene ex- 
pression of each one of said proteins. In a particular embodiment, the gene expression of said viral polyprotein and 
IBDV VP1 protein is carried out in insect cells infected or coinfected with recombinant baculoviruses (rBVs) containing 
the encoding nucleotide sequences of said proteins, either in a single rBV (dual rBV) or in two rBVs (in which case one 

30 of said rBVs contains the encoding sequence of the IBDV polyprotein and the other one, the encoding sequence of the 
IBDV VP1 protein) under the control of baculovirus promoters. 

[0038] Virtually any baculovirus promoter can be used as long as it is able to effectively control the expression of the 
encoding sequence to which it is operatively bound. By way of illustration, said first baculovirus promoter can be the 
promoter of the pi 0 protein of the baculovirus Autographs califomica nucleopolyhedrovirus (AcMNV), the promoter of 

35 the polyhedrin of the AcMNPV baculovirus, etc. and said second baculovims promoter can be the promoter of the p1 0 
protein of AcMNPV and the promoter of the AcMNPV polyhedrin. More specifically, in a particular embodiment, said first 
baculovirus promoter is the promoter of the p1 0 protein of AcMNPV and said second baculovims promoter is the promoter 
of the AcMNPV polyhedrin, whereas in another particular embodiment, said first baculovims promoter is the promoter 
of the AcMNPV polyhedrin and said second baculovims promoter is the promoter of the protein 1 0 of AcMNPV. 

40 [0039] In a particular embodiment, the gene construct provided by this invention comprises: 

(i) a nucleotide sequence comprising the open reading frames con-esponding to the IBDV polyprotein operatively 
bound to a nucleotide sequence comprising a first promoter of a baculovims, and 

^5 (ii) a nucleotide sequence comprising the ORF co^esponding to the IBDV VP1 protein operatively bound to a 

nucleotide sequence comprising a second promoter of a baculovims, 

wherein said first and second baculovims promoters are different. 

[0040] The use of different baculovirus promoters allows for the independent and simultaneous control of the gene 

50 expression of said IBDV polyprotein VP1 protein in insect cells. 

[0041] In a specific embodiment, the gene constmct provided by this invention comprises the encoding sequence of 
the IBDV polyprotein under the control of a first baculovims promoter and the encoding sequence of the IBDV VP1 
protein under the control of a second baculovirus promoter, different from the first one, such as the gene construct 
referred to as "Poly-VPI" in this description, comprising the nucleotide sequence identified as SEC. ID. NO: 1; said 

55 Poly-VP1 gene construct contains the encoding sequence of the IBDV polyprotein under the control of the promoter of 
the AcMNV polyhedrin and the encoding sequence of the IBDV VP1 protein under the control of the promoter of the 
AcMNV p10 protein. 

[0042] In another aspect, the invention provides an expression vector or system selected from: 
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• a) an expression system comprising a gene construct provided by this invention, operatively bound to transcription, 
and optionally translation, control elements, wherein said gene construct comprises (i) a nucleotide sequence com- 
prising the ORFs corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising a 
first promoter and (ii) a nucleotide sequence comprising the ORF con^esponding to the IBDV VP1 protein operatively 
bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is different from said 
second promoter; and 

b) an expression system comprising (1) a first gene construct, operatively bound to transcription, aad optionally 
translation, control elements, wherein said first gene constmct comprises a nucleotide sequence comprising the 
ORFs corresponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising a first promoter, 
and (2) a second gene construct, operatively bound to transcription, and optionally translation, control elements, 
wherein said second gene construct comprises a nucleotide sequence comprising the ORF corresponding to the 
IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second promoter. 

[0043] In the second case [b)], said first promoter and said second promoter, as they are in different gene constructs, 
can be equal to or different from one another, 

[0044] The features of the ORFs corresponding to the IBDV polyprotein and to the IBDV VP1 protein have previously 
been defined in relation to the gene construct provided by this invention. The promoters which can be used in the 
expression system provided by this invention have been previously defined in relation to the gene construct provided 
by this invention. Byway of illustration, said promoters can beprompters of a viral, bacterial, yeast, animal, plant origin, etc. 
[0045] In a particular embodiment, the expression system provided by this invention comprises a gene constmct, 
operatively bound to transcription, and optionally translation, control elements, wherein said gene construct comprises 
(1) a nucleotide sequence comprising the ORFs corresponding to the IBDV polyprotein operatively bound to a nucleotide 
sequence comprising a first baculovirus promoter, such as, for example, the promoter of the AcMN V p10 protein or the 
promoter of the AcMNV polyhedrin, and (ii) a nucleotide sequence comprising the ORF con-esponding to the IBDV VP1 
protein operatively bound to a nucleotide sequence comprising a second baculovirus promoter, such as, for example, 
the promoter of the AcMNV p1 0 protein or the promoter of the AcMNV polyhedrin, wherein said first baculovirus promoter 
is different from said second baculovirus promoter. 

[0046] In another particular embodiment, the expression system provided by this Invention comprises (1 ) a first gene 
construct, operatively bound to transcription, and optionally translation, control elements, wherein said first gene construct 
comprises a nucleotide sequence comprising the ORFs con'esponding to the IBDV polyprotein operatively bound to a 
nucleotide sequence comprising a first baculovirus promoter, such as, for example, the promoter of the AcMNV p10 
protein or the promoter of the AcMNV polyhedrin, and (2) a second gene constmct, operatively bound to transcription, 
and optionally translation, control elements, wherein said second gene constmct comprises a nucleotide sequence 
comprising the ORF con-esponding to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a 
second baculovims promoter, such as, for example, the promoter of the AcMNV plO protein or the promoter of the 
AcMNV polyhedrin. In this particular embodiment, said first baculovims promoter and said second baculovims promoter, 
as they are in different gene constructs, can be equal to or different from one another. 

[0047] The transcription, and optionally translation, control elements present in the expression system provided by 
this invention include the necessary or suitable sequences for the transcription and its suitable control in time and place, 
for example, beginning and temrilnation signals, cleavage sites, polyadenylation signals, replication origin, transcriptional 
activators (enhancers), transcriptional silencers (silencers), etc. 

[0048] Virtually any suitable expression system or vector can be used in the generation of the expression system 
provided by this invention depending on the conditions and requirements of each specific case. By way of illustration, 
said suitable expression systems or vectors can be plasmids, bacmids, yeast artificial chromosomes (YAGs), bacteria 
artificial chromosomes (BACs), bacteriophage PI -based artificial chromosomes (PACs), cosmids, vimses, which can 
further have, If so desired, an origin of heterologous replications, for example, bacterial, so that it may be amplified in 
bacteria or yeasts, as well as a marker usable for selecting the transfected cells, etc., preferably plasmids, bacmids or 
vimses. 

[0049] These expression systems or vectors can be obtained by conventional methods known by persons skilled in 
the art [Sambrook, J., Fritsch, E.F., and Maniatis, T. (1 989). Molecular cloning: a laboratory manual, 2nd ed. Cold Spring 
HariDor Laboratory] and f omn part of the present invention. In a particular embodiment, said expression system or vector 
is a plasmid, such as the plasmid referred to as pFBD/PoIy-VPI in this description, or a bacmid, such as the recombinant 
bacmid referred to as Bac/pFBD/Poly-VPI in this description, which contain the previously defined gene construct 
Poly-VPI , or a virus, such as the recombinant baculovims (rBV) referred to as FBD/Poly-VPI in this description, which 
contains the gene constmct Poly-VPI and expresses during its replication cycle both proteins (polyprotein and IBDV 
VP1 protein) simultaneously in insect cells, or the rBVs expressing the IBDV polyprotein and the IBDV VP1 protein, 
seperately and simultaneously, when coinfecting insect cells, whole IBDV VLPs being obtained. 
[0050] In another aspect, the invention provides a host cell containing the encoding nucleotide sequence of the IBDV 
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polyprotein and the encoding nucleotide sequence of the IBDV VP1 protein, each one of them under the control of a 
suitable promoter allowing the simultaneous and independent control of said IBDV polyprotein and VP1 protein, either 
in a single gene constmct (in which case the promoters bound to each one of said encoding sequences would be different 
from one another), or in two different gene constructs. Therefore, said host ceil can contain either a gene construct 
5 provided by this invention or an expression system provided by this invention. 

[0051 ] The host cell provided by this invention can be a host cell transf omned, transfected or infected with an expression 
system provided by this invention. 

[0052] In a particular embodiment, the host cell provided by this invention is a host cell transfonned, transfected or 
infected with an expression system provided by this invention comprising a gene construct, operatively bound to tran- 
ce scription, and optionally translation, control elements, wherein said gene construct comprises (i) a nucleotide sequence 
comprising the ORFs corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising 
a first promoter and (ii) a nucleotide sequence comprising the open reading frame corresponding to said IBDV VP1 
protein operatively bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is different 
from said second promoter. 

75 [0053] Alternatively, in another particular embodiment, said host cell is a host cell transfonned, transfected or infected 
with an expression system provided by this invention comprising (1) a first gene construct, operatively bound to tran- 
scription, and optionally translation, control elements, wherein said first gene construct comprises a nucleotide sequence 
comprising the ORFs corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising 
a first promoter, and (2) a second gene construct, operatively bound to transcription, and optionally translation, control 

20 elements, wherein said second gene construct comprises a nucleotide sequence comprising the ORF con-esponding to 
the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second promoter; in this particular 
embodiment, said first promoter and said second promoter, as they are in different gene constructs, can be equal to or 
different from one another. 

[0054] Although in any of the previously mentioned embodiments, virtually any promoter could be used, it is preferred 
25 in practice that said promoters are useful in bacteria, yeasts, viruses, animal cells, for example, in mammal cells, bird 
cells, insect cells, etc-; in a particular embodiment, said promoters are baculovirus promoters, such as, for example, the 
promoter of the AcMNV polyhedrin or the promoter of the AcMNV pi 0 protein. 

[0055] Virtually any host cell susceptible to being transfonned, transfected or infected by an expression system provided 
by this invention can be used, for example, bacteria, mammal cells, bird cells, insect cells, etc. 

30 [0056] In a particular embodiment, said host cell is a bacteria transfonned with an expression system provided by this 
invention comprising a gene constmct provided by this Invention comprising (i) a nucleotide sequence comprising the 
ORFs corresponding to the IBDV polyprotein and (ii) a nucleotide sequence comprising the CRTs Con-esponding to the 
IBDV VP1 protein, each one of them operatively bound to a different promoter, such as the gene construct identified as 
Poly-VP1 . A culture of Escherichia co//bacteria strain DH5, transformed with said gene construct Poly-VPI , and identified 

35 as DH5-pFBD/Poly-VP1 has been deposited in the Spanish Type Culture Collection (hereinafter, CFCT) with deposit 
number CECT5777. 

[0057] Alternatively, said host cell is an insect cell. Insect cells are suitable when the expression system comprises 
one or more rBVs. The use of rBVs is advantageous due to biosafety issues related to the host range of the baculoviruses, 
incapable of replicating In other cell types which are not insect cells. 

^ [0058] Therefore, in a particular embodiment, the invention provides a host cell, such as an insect cell, infected with 
an expression system provided by this invention, such as a rBV, comprising a gene construct provided by this invention 
comprising (i) a nucleotide sequence comprising the ORFs corresponding to the IBDV polyprotein and (ii) a nucleotide 
sequence comprising the ORF corresponding to the IBDV VP1 protein, each one of them operatively bound to a different 
baculovirus promoter, such as the gene construct identified as Poly-VPI. 

45 [0059] In another particular embodiment, the invention provides host cell, such as an insect cell, colnfected with an 
expression system comprising (1) a first rBV comprising a gene construct comprising the ORFs corresponding to said 
IBDV polyprotein and (2) a second rBV comprising a gene construct comprising the nucleotide sequence comprising 
the ORF corresponding to said IBDV VP1 protein, each one of said encoding sequences being operatively bound to a 
baculovirus promoter, equal to or different from one another. 

50 [0060] In another aspect, the invention provides a process for producing whole I BDV VLPs of the invention comprising 
culturing a host cell provided by this invention containing a nucleotide sequence comprising the ORFs corresponding 
to said IBDV polyprotein and a nucleotide sequence comprising the ORF corresponding to said IBDV VP1 protein, either 
in a single gene constmct or in two different gene constmcts, and simultaneously expressing said viral polyprotein and 
IBDV VP1 protein, and if so desired, recovering said whole IBDV VLPs of the invention. 

55 [0061 ] In a particular embodiment, said host cell provided by this invention is a cell transfonned, transfected or infected 
with a suitable expression system provided by this invention, such as an expression system comprising a gene construct 
provided by this invention, wherein said gene constmct comprises (i) a nucleotide sequence comprising the ORFs 
corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising a first promoter and (ii) 
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a nucleotide sequence comprising the ORF corresponding to said IBDV VP1 protein operatively bound to a nucleotide 
sequence comprising a second promoter, wherein either said first promoter is different from said second promoter; or 
alternatively, with an expression system provided by this invention comprising (1) a first gene construct comprising a 
nucleotide sequence comprising the ORFs corresponding to said IBDV polyprotein and (2) a second gene construct 
5 comprising a nucleotide sequence comprising the ORF con-esponding to said IBDV VP1 protein, each one of said 
nucleotide sequences comprising the ORFS con'esponding to the viral palyprotein and to the IBDV VP1 protein being 
under the control of respective nucleotide sequences comprising respective promoters, equal to or different from one 
another. 

[0062] Said process therefore comprises the simultaneous gene coexpresslon of said viral polyprotein and IBDV VP1 
10 protein as two independent ORFs. After the simultaneous expression of said viral polyprotein and VP1 protein in said 
cells, the polyprotein is proteolytically processed and the resulting proteins arc assembled and fomri the whole IBDV 
VLPs of the invention, made up of VPX, VP2, VPS and VP1, which can be isolated or withdrawn from the medium and, 
if desired, purified. The isolation or purification of said whole IBDV VLPs of the invention can be carried out by means 
of conventional methods, for example, by means of fractionlng on sucrose gradients. 
75 [0063] Although the host cell to culture can be any of those previously defined, in a particular embodiment, said host 
cell Is an Insect cell. 

[0064] Therefore, in a specific embodiment, the simultaneous gene coexprcssion of the viral polyprotein and of the 
IBDV VP1 protein In a suitable host cell, such as an Insect ceil, is earned out by means of the use of a dual rBV allowing 
the simultaneous expression of said proteins from two independent ORFs. each one of them under the control of a 

20 different baculovirus promoter able to simultaneously and independently control the expression of said proteins in insect 
cells. In this case, the production of the whole IBDV VLPs of the invention can be carried out by means of a process 
comprising, first, the obtaining of a gene expression system made up of a dual rBV containing a gene construct simul- 
taneously comprising the ORFS corresponding to said viral polyprotein and IBDV VP1 protein, such as the rBV referred 
to as FBD/Poly-VP1 in this description, or else, alternatively, the obtaining of a rBV containing a gene construct comprising 

25 the ORF corresponding to the IBDV polyprotein and the obtaining of another rBV containing a gene construct comprising 
the ORF con-esponding to the IBDV VP1 protein, followed by the infection of insect cells with said expression system 
based on said rVB(s), expression of the recombinant proteins and, if so desired, isolation of the fomned whole IBDV 
VLPs of the invention, and optionally, subsequent purification of said whole IBDV VLPs of the invention. 
[0065] More specifically, in a particular embodiment, the process for obtaining whole VLPs of the invention is charac- 

30 terized in that the host cell is an insect cell and comprises the steps of: 

a) preparing an expression system provided by this invention made up of (1) a first recombinant baculovirus com- 
prising a gene construct comprising a nucleotide sequence comprising the ORFs corresponding to the IBDV poly- 
protein operatively bound to a baculovims promoter, said gene construct being operatively bound to transcription, 

35 and optionally translation, control elements, and of (2) a second recombinant baculovirus comprising a gene construct 

comprising a nucleotide sequence comprising the ORF. con-espohding to the IBDV VP1 protein operatively bound 
to a promoter of a baculovirus, said gene construct being operatively bound to several transcription, and optionally 
translation, control elements; 

40 . b) infecting insect cells with said expression system prepared In step a); 

c) culturing the infected insect cells obtained in step b) under conditions allowing the expression of the recombinant 
proteins and their assembly so as to fonn whole IBDV VLPs; and 

45 d) if so desired, isolating and optionally purifying said whole IBDV VLPs. 

[0066] Likewise, in another particular embodiment, the process for obtaining whole VLPs of the invention is charac- 
terized in that the host cell Is an insect cell and comprises the steps of: 

50 a) preparing an expression system made up of a dual recombinant baculovirus comprising a gene construct com- 

prising (i) a nucleotide sequence comprising the ORFs con^sponding to the IBDV polyprotein operatively bound to 
a nucleotide sequence comprising a first baculovirus promoter, said gene construct being operatively bound to 
transcription, and optionally translation, control elements, and (ii) a nucleotide sequence comprising the ORF cor- 
responding to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second baculovirus 

55 promoter, said gene construct being operatively bound to transcription, and optionally translation, control elements, 

wherein said baculovirus promoter is different from said second baculovirus promoter; 

b) infecting insect cells with said expression system prepared in step a); 
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c) cultuiing the infected insect cells obtained In step b) under conditions allowing the expression of the recombinant 
proteins and their assembly so as to fonrn whole IBDV VLPs; and 

d) if so desired, isolating and optionally purifying said whole IBDV VLPs. 

5 

[0067] The construct of a dual rBV simultaneously allowing expression of the IBDV polyprotein and of the IBDV VP3 
protein can be carried out by a person skilled in the art based on that herein described and on the state of the art on 
this technology (Cold Spring Harbor, N.Y.; Leusch MS, Lee SC, Olins PO. 1995. A novel host-vector system for direct 
selection of recombinant baculoviruses (bacmids) in Escherichia coii. Gene 160:191-4; Luckow VA, Lee SC, Barry GF, 
TO Olins PO. 1993. Efficient generation of infectious recombinant baculoviruses by site-specific transposon-mediated in- 
sertion of foreign genes into a baculovirus genome propagated in Escherichia coii. J Virol 67:4566-79). A rBV containing 
the gene construct comprising the ORFs con-esponding to the IBDV polyprotein and a rBV containing a gene construct 
comprising the ORF coresponding to the IBDV VP1 protein can be similarly obtained. 

[0068] In relation with this, the invention provides a process for obtaining a dual rBV allowing the simultaneous 
T5 expression of the IBDV polyprotein and of IBDV VP1 protein from two independent ORFs and each one of them controlled 
by a different baculovirus promoter, in insect cells, comprising: 

a] constructing a plasmid carrier of a gene construct containing (i) a nucleotide sequence comprising the open 
reading frames con-esponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising a 
20 first promoter of a baculovirus, and (ii) a nucleotide sequence comprising the open reading frame corresponding to 

the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second promoter of a baculovirus, 
wherein said first baculovirus promoter is different from said second baculovirus promoter and they allow the simul- 
taneous control of the gene expression of said polyprotein and IBDV VP1 protein; 

25 b) obtaining a recombinant bacmid, simultaneously allowing the expression during its replicative cycle of the poly- 

protein and the IBDV VP1 protein under the transcriptional control of said baculovirus promoters, by means of the 
transformation of competent bacteria with the plasmid obtained in a); and 

c) obtaining a dual recombinant baculovirus, allowing the simultaneous expression of the open reading frames 
30 corresponding to the polyprotein and the IBDV VP1 protein under the transcriptional control of said baculovirus 

promoters, by means of the transfomiation of insect cells with the recombinant bacmid of b). 

[0069] As it is used in this description, the temn "competent bacteria' refers to bacteria which can contain the genome 
of a baculovirus, for example, AcMNV, optionally genetically modified, allowing the recombination with donor plasmids. 
35 [0070] In a particular embodiment, said process of obtaining dual rBVs is characterized in that: 

said first baculovims promoter sequence comprises the promoter of the AcMNV pi 0 protein and said second bac- 
ulovirus promoter sequence comprises the promoter of the AcMNPV polyhedrin, or vice versa; 

- the plasmid obtained in a) is the one identified as pFBD/Poly-VPI in this description; 
40 . the competent bacteria transfomned in b) are Escherichia coii DH1 OBac; 

the recombinant bacmid obtained in b) is the one identified as^Bac/pFBD/Poly-VPI in this description; and 

- the dual rBV obtained is the one identified as FBD/Poly-VPI . 

[0071] The dual rBV thus obtained can be used, if so desired, to obtain whole IBDV VLPs of the invention. To that 
^5 end, insect cells are infected with said dual rBV. Virtually any insect cell can be used; however, in a particular embodiment, 
said insect cells are H5 cells or Spodoptera frugiperda Sf9 cells. 

[0072] Alternatively, as previously mentioned, whole VLPs of the invention can be obtained by means of the combined 
infection (coinfection) of insect cells with a rBV allowing expression of the IBDV polyprotein in insect ceils and with a 
rBV allowing expression of the IBDV VP1 protein in insect cells. Said rBVs can be obtained according to that previously 
50 mentioned. Virtually any insect cell can be used; however, in a particular embodiment, said insect cells are H5 cells or 
Spodoptera frugiperda Sf9 cells. 

[0073] Therefore, in another aspect, the invention is related to a process for the production of rBVs useful for the 
production of whole IBDV VLPs. In a particular embodiment, the recombinant baculoviruses obtained arc dual, i.e., the 
same recombinant baculovirus is able to express in suitable host cells the viral polyprotein and the IBDV VP1 protein 
55 from two independent ORFs and controlled by different baculovirus promoters. The simultaneous expression in the 
same host cell of said viral polyprotein and IBDV VP1 protein allows the fonnation of whole IBDV VLPs. In another 
particular embodiment, recombinant baculovinjses are obtained which are able to express in suitable host cells the viral 
polyprotein from a nucleic acid sequence comprising the ORFs corresponding to the IBDV polyprotein under the control 
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of a baculovirus promoter and several recombinant baculoviruses able to express In suitable host cells the IBDV VP1 
protein from a nucleic acid sequence comprising the ORF con'esponding to the VP1 of IBDV under the control of a 
promoter that is equal to or different from the one regulating the expression of the viral polyprotein in said recombinant 
baculoviruses able to express the viral polyprotein. The combined infection (coinfectlon) of suitable host cells, such as 
5 insect cells, with said recombinant baculoviruses able to express the viral polyprotein and with said recombinant bacu- 
loviruses able to express the IBDV VP1 protein, allows for the simultaneous expression in said coinfected cells of the 
viral polyprotein and of the IBDV VP1 protein, which allows for the fomriation of whole IBDV VLPs. The resulting recom- 
binant baculoviruses constitute a further aspect of the present invention. 

[0074] In another aspect, the invention is related to the use of the gene expression system provided by this Invention 
10 for the production of whole IBDV VLPs of the Invention, which constitute a further aspect of this Invention. 

[0075] The whole IBDV VLPs of the invention can be used to immunize animals, particularly birds, perse or as vectors 
or vehicles of molecules with biological activity, for example, polypeptides, proteins, nucleic acids, drugs, etc., whereby 
they can be used with therapeutic or diagnostic purposes. In a particular embodiment, said molecules with biological 
. activity include antigens or immune response inducers in animals or humans to whom they are supplied, or drugs which 
7^ . can be released in their specific action site, or nucleic acid sequences, all being useful in gene therapy and intended for 
being introduced inside the suitable cells. 

[0076] Therefore, in another aspect, the invention is related to the use of the whole IBDV VLPs of the invention in the 
manufacture of medicaments such as vaccines, gene therapy vectors (delivery systems), etc. In a particular embodiment, 
said medicament is a vaccine intended for confemng protection to animals, particularly birds, against the infectious 

20 bursal disease virus (IBDV). In another particular embodiment, said medicament is a gene therapy vector. 

[0077] in another aspect, the invention provides a vaccine comprising a therapeutically effective amount of whole 
IBDV VLPs of the invention, optionally together with one or more phamriaceutically acceptable adjuvants and/orvehicles. 
Said vaccine is useful for protecting animals, particularly birds, against the infectious bursal disease vims (IBDV. In a 
particular embodiment, said birds are selected from the group fomied by chicl<ens, turkeys, geese, ganders, pheasants. 

25 partridges and ostriches. In a preferred embodiment, the vaccine provided by this invention Is a vaccine useful for 
protecting chickens from the infection caused by IBDV. 

[0078] In the sense used in this description, the expression "therapeutically effective amount" refers to the amount of 
whole IBDV VLPs of the Invention calculated for producing the desired effect and will generally be detennined, among 
others, by the characteristics of the whole IBDV VLPs of the invention and the immunization effect to be achieved. 

30 [0079] The phannaceutically acceptable adjuvants and vehicles which can be used in said vaccines arethose adjuvants 
and vehicles known by the persons skilled In the art and nomrially used in the manufacture of vaccines. 
[0080] In a particular embodiment, said vaccine is prepared in fomn of an aqueous solution or suspension in a phar- 
maceutically acceptable diluent, such as saline solution, phosphate-buffered saline solution (PBS), or any other phar- 
maceutically acceptable diluent. 

35 [0081 1 The vaccine provided by this invention can be administered by any suitable administration route which results 
in a protective immune response against the heterologous sequence or epitope used, to which end said vaccine will be 
fomnulated in the dosage fonn suited to the chosen administration route. In a particular embodiment, the administration 
of the vaccine provided by this invention is carried out parenterally. for example, intraperitoneally, subcutaneously, etc. 
[0082] The following Examples illustrate the invention and should not be considered limiting of the scope thereof. 

40 Example 1 clearly shows that the deletion of the C-tenninal end of the IBDV VP3 protein hinders fomriation of IBDV 
VLPs, whereas Example 2 describes the generation of a recombinant baculovirus coexpressing the A1 and B1 open 
reading frames of the IBDV genome, and Example 3 illustrates obtaining whole IBDV VLPs from H5 cells infected with 
the recombinant baculovims FBD/Poly-VPI . The materials and methods described below were used to implement the 
Examples. 

45 

MATERIALS AND METHODS 

[0083] Cells and viruses. The recombinant viruses VT7/VP3, VT7/PolyA907-1012, FB/Poly, FB/his-VP3 (wt), 
FB/his-VP3A253-257, FB/his-VP3A1 -25, FB/his-VP3A26-52, FB/his-VP3A53-77, FB/his-VP3A78-1 00, 

50 FB/his-VP3A101-124. FB/his-VP3A125-150, FB/his-VP3A151-175, FB/his-VP3A1 76-200, FB/his-VP3A20 1-224 and 
FB/his-VP3A21 6-257 were disclosed previously (Femdndez-Arias A et al. 1 997. The major antigenic protein of infectious 
bursal disease virus, VP2, Is an apoptotic inducer. J Virol. 71 :801 4-8; Kadono-Okuda K et al. 1 995. Baculovirus-mediated 
production of the human growth hormone in larvae of the silkwomn, Bombyx mori. Biochem Biophys Res Commun. 
213:389-96; Kochan G et al. Characterization of the RNA binding activity of VP3, a major structural protein of IBDV. 

55 2003. Archives of Virology 1 48:723-744; Marti nez-Torrecuadrada JL et al. 2000. Different architectures in the assembly 
of infectious bursal disease virus capsid proteins expressed in insect cells. Virology 278:322-31). 
[0084] The expression experiments were carried out with BSC-1 cells (American Type Culture Collection, ATCC; 
Catalogue CCL26), H5 [HighFive™ (GIBCO)] and Sf9 cells (GIBCO). The BSC-1 cells were cultured in Eagle modified 
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Dulbecco medium supplemented with 1 0% fetal bovine serum. The 11 5 and Sf9 cells were cultured in TC-1 00 medium 
(GiBCO) supplemented with 10% fetal bovine serum. The viruses were amplified and titrated following previously dis- 
closed protocols (Lombardo E et al. 2000. VPS, the nonstructural polypeptide of infectious bursal disease virus, accu- 
mulates within the host plasma membrane and induces cell lysis. Virology. 277:345-57; Martlnez-Torrecuadrada JL ct 
al. 2000. Different architectures in the assembly of infectious bursal disease virus capsid proteins expressed in insect 
cells. Virology. 278:322-31). 

[0085] The isolate of IBDV used was IBDV Soroa strain. 

[0086] Generation of recombinant baculovlruses. The previously disclosed plasmid pFB/his-VP3 was used as a 
mold in the generation, by means of polymerase chain reaction (PGR), of the DNA fragments used in the construction 
of the plasmid vectors needed for the construction of the recombinant baculovlruses FB/his-VP3A248-257, 
FB/his-VP3A243-257, FB/h is -VP3A23 8-257, FB/his-VP3A233-257, and FB/his-VP3A22B-257. The PGR reactions were 
carried out using a common 5' primer (SEQ. ID. NO: 4) and 3' primer specific for each mutant (Table 1). 



Table 1 Generation of deletion mutants of the ternnlnal carboxy end of His-VP3 



lUlutant 


Sequence 


His-VP3A248-257 


SEQ. ID. NO: 5 


His-VP3A243-257 


SEQ. ID. NO: 6 


His-VP3A238-257 


SEQ. ID. NO: 7 


His-VP3A233-257 


SEQ.ID.N0:8 


His-VP3A228-257 


SEQ. ID. NO: 9 



[0087] After the PGR reactions, the con-esponding DNA fragments were purified and digested with the restriction 
enzymes Apa\ and Kpn\ and ligated to the plasmid pFB/his-VP3 (Kochan G et al. 2003. Gharacterization of the RNA 
binding activity of VP3, a major structural protein of IBDV, Archives of Virology 148:723-744) previously digested with 
the same enzymes. The plasmid series generically refen'ed to as pFB/his-AVP3 (pFB/his-VP3An-n' more specifically, 
wherein n and n' indicate the deleted region borders) containing deletions in the 5' end of the encoding region of VP3, 
were thus generated. 

[0088] The construction of the plasmid vectors required for the generation of the recombinant baculovlruses 
FB/PolyA1008-1012, FB/PoIyA1003-1012 and FB/PolyA998-1012 was earned out by means of the substitution of the 
Xixx I fragment (343 base pains) with its homologues, containing the desired deletions, coming from the plasmids 
FB/his-VP3A233-257, FB/his-VP3A248-257. and FB/his-VP3A243-257, respectively. 

[0089] The construction of the plasmid vector pFBA/PI was carried out by means of cloning a DNA fragment, which 
contains the open reading frame of the gene of the IBDV VP1 protein, from the plasmid pBSKVPI (Lombardo E et al. 
1999. VP1 , the putative RNA-dependent RNA polymerase of infectious bursa! disease virus, fomris complexes with the 
capsid protein VP3, leading to efficient encapsidation into vims-lil<e particles. J. Virol. 73:6973-83) by means of digestion 
of the plasmid with the restriction enzyme C/al, followed by treatment with the Klenow fragment of DNA polymerase I 
and subsequent treatment with the enzyme No^. This fragment was subcloned into the vector pFastBacl (Invitrogen) 
previously digested with the restriction enzymes StiA and A/ofl. The resulting plasmid was called pFB/VPI. 
[0090] The plasmid vectors pFBD/his-VP3-VP1 and pFBD/Poly-VP1 were constructed by means of the insertion of 
the open reading frames of the genes of the VP3 and VP1 proteins in the vector pFastBacDual (Invitrogen). pFBDA/P 
1 was generated by means of the insertion of a fragment containing the open reading frame of VP1 obtained by means 
of digestion with the enzyme No^, followed by treatment with the Klenow fragment of DNA polymerase i and subsequent 
treatment with the enzyme Xho\, in the vector pFastBacDual (Invitrogen) previously digested with the enzymes Xho\ 
and Pvu\\. Then, the plasmid pFB/his-VP3 (Kochan G et al. 2003. Gharacterization of the RNA binding activity of VP3, 
a major structural protein of IBDV. Archives of Virology 148:723-744) was digested with the enzymes Not\ and ffsrll, 
andthe resulting fragment containing the open reading frame of his-VP3 was inserted in the plasmid pFBDA/P1 previously 
digested with the enzymes Not\ and fls/il. The resulting plasmid was called pFBD/his-VP3-VP1. Similarly, the open 
reading frame corresponding to the IBDV polyprotein was isolated from the plasmid pGlncoPoly (Maraver A et al. 
Identification and molecular characterization of the RNA polymerase-binding motif of the inner capsid protein VP3 of 
infectious bursal disease virus. J. Virol. 77:2459-2468) by means of digestion with the enzymes EcoRI and No1\. The 
corresponding DNA fragment was cloned into the plasmid pFBDA/PI previously digested with the enzymes EcoRI and 
A/ofI, giving rise to the vector referred to as pFBD/Poly-VPI . 

[0091] The recombinant baculovlruses described above were generated using the Bac-to-Bac system, following the 
protocols described by the manufacturer (Invitrogen). 
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[0092] Purification by means of sucrose gradients and characterization of the structures derived from the 
. expression of the IBDV polyproteln. BSC-1 or H5 cells were infected with the described vaccine viruses or recombinant 
bacuiovlruses. The infected celts were harvested, lysed and processed as described above (Lombardo E et al. 1999. 
VP1 , the putative RNA-dependent RNA polymerase of infectious bursal disease virus, forms complexes with the capsid 
5 protein VP3, leading to efficient encapsidation into virus-like particles. J. Virol. 73:6973-83; Cast6n JR et al. 2001. C 
terminus of infectious bursal disease virus major capsid protein VP2 is involved in definition of the number for capsid 
assembly. J. Viroi. 75:10815-28). 

[0093] Electron microscopy. Aliquots of 5 ^,1 of the different fractions of the analyzed sucrose gradients were placed 
In electron microscopy grids. The samples thus prepared were negatively stained with a 2% uranyl acetate solution. The 
10 micrographs were obtained with a Jeol 1200 EXIl microscope operating at 100 IcV with magnifications of 20.000 or 
40.000 X. 

[0094] Purification of his-VP3 fusion proteins and derivatives by means of Immobilized metal affinity chro- 
matography (IMAC). H5 or Sf9 cells infected with the different recombinant viruses described were harvested at 72 
h:p:i. Alter washing twice in phosphate buffered saline (PBS), the cells were resuspended in lysis buffer (Tris-HCI 50 
15 mM» pH 8.0; NaCi 500 mM) supplemented with protease inhibitors (Complete Mini, Roche) and kept on ice for 20 minutes. 
Then the samples were subjected to centrifugation at 1 3,000 x g f or 1 0 minutes at 4''C. The corresponding supematants 
were subjected to purification by means of IMAC using a resin bound to cobalt (T alon, Clontech Laboratories, Inc., Palo 
Alto, CA) following the manufacturer instmctions. 

[0095] Electrophoresis and Western blot. The protein samples were resuspended in Laemmit buffer (King J & 
20 Laemmli UK. 1973. Bacteriophage T4 tail assembly: structural proteins and their genetic identification. J Mol Biol. 1973 
Apr 5;75(2):315-37) and subjected to heating at 100*^0 for 5 minutes. The electrophoreses were carried out in 11% 
polyacrylamide gels. Then the proteins were transferred to nitrocellulose membranes by means of electrobloWng. Prior 
to the incubation with specific autisera, the membranes were blocked by means of incubation for 1 hour at room tem- 
perature, with 5% powdered milk diluted in PBS. 
25 [0096] Immunofluorescence (IF) and confocal microscopy (CLSM). BSC-1 or IH5 cells were grown on slide covers 
and infected with the recombinant baculoviruses or vaccine vimses. At the post-infection times indicated, the cells were 
washed two times with PBS and fixed with methanol at -20°C for 1 0 minutes. After the fixing, the slide covers were air 
dried, blocked in a 20% solution of recently bom calf semm in PBS 45 minutes at room temperature and incubated with 
the indicated anti-sera. The samples were viewed by means of epifiuorescence using a Zeiss Axiovert 200 microscope 
30 equipped with a Bio-Rad Radiance 2100 confocal system. The images were obtained using the Laser Sharp software 
package programs (Bio-Rad). 

[0097] IVIass spectrophotometry (MS) analysis. The proteins were passed through C-1 8 ZipTip tips minicolumns 
(i^illipore, Bedford, MA, USA) and eluted in matrix solution (3,5-dimethoxy-4-hydroxycinnamic acid saturated in aqueous 
solution of 33% acetonitrile and 0.1% trifluoroacetic acid). An aliquot of 0.7 ^jlI of the resulting mixture was placed in a 
35 steel M ALDI probe which was subsequently air dried. The samples were analyzed using a Bruker Reflex"^" IV MALDI-TOF 
mass spectrometer (Bruker-Franzen Analytic GmbH, Bremen, Germany) equipped with a SCOLTT" reflector source in 
positive ion reflector mode using delayed extraction. The acceleration voltage was 20 kV. The equipment was externally 
calibrated using mass signals con-esponding to BSA and BSA dimers ranging from 20-130 m/z. 

40 EXAMPLE 1 

Deletion of the C-terminal end of the VPS protein eliminates the formation of IBDV 
VLPs 

45 

[0098] It has recently been disclosed that the C-terminal end of VP3 contains the domain responsible for the interaction 
of this protein with the VP1 protein (Maraver A et al. Identification and molecular characterization of the RNA polymer- 
ase-blnding motif of the inner capsid protein VP3 of infectious bursal disease virus). As a result, it was decided to analyze 
the possible role of the C-terminal region of VP3 in the morphogenesis of IBDV VLPs. As a starting ground for this 

so analysis, the recombinant vaccine virus referred to as VT7/PolyA907-1012, expressing a deleted fomn of VP3 lacking 
the 1 05 C-tennina] end residues (SAnchez Martinez AB. 2000. "Caracterizaci6n de las modificacfones co y post-traduc- 
cionales de la poliprotefna del virus de la bursitis infecciosa". Doctoral Thesis. Universidad Aut6noma of Madrid. Facultad 
of Ciencias Biol6gicas), was used (Figure 1 A).The SDS-PAGEand Westem blot analysis showed that the deletion does 
not affect the cotranslational proteolytic processing of the polyprotein (Sanchez Martinez AB. 2000. Doctoral Thesis 

55 cited supra). Expression of the PolyA907-1 01 2 protein gives rise to the f omnation of tubular structures similar to the type 
I tubules fonned in cells infected with IBDV (Kaufer, I., and E. Weiss 1976. Electron-microscope studies on the patho- 
genesis of Infectious bursal disease after intrabursal application of the causal virus. Avian Dis. 20:483-95). The tubular 
structures fomried by expression of PolyA907-1012 were detected by means of immunofluorescence using antibodies 
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anti-VPX/2 (anti-pVP2A/P2) and anti-VP3 (Figure IB), and by means of electron microscopy of fractions obtained by 
means of purification on sucrose gradients (Figure 1 C). The Western blot analysis confinned the presence of VPX and 
VPS in said tubules. 

[0099] For the purpose of confimriing that the mentioned phenotype was due to the deletion within the region con-e- 

5 spending to VP3, an experiment was carried outcoinfecting BSC-1 ceils with VT7/PolyA907-1 01 2 and VT7A/P3. VTTNPS 
is a virus vaccine recombinant expressing the whole VPS protein (Fem6ndez-Arias A ct al. 1997. The major antigenic 
protein of infectious bursal disease virus, VP2, is an apoptotic inducer. J Virol. 71 :801 4-8). Aconfocal microscopy analysis 
showed that the coexpression of the whole VPS protein produces a significant reduction in the formation of type I tubules. 
In the coinfected cells, the subcellular distribution of the VPX/VP3 proteins is characterized by the fomnation of short 

10 tubules and viroplasms similar to those detected In cells Infected with the whole polyprotein (Figure 1 B). This observation 
indicates that the coexpression of the whole VPS protein partially salvages the ability of the PoIyA907-1012 protein to 
fomi VLPs. The electron microscopy analysis of fractions derived from the coinfection confinmed this hypothesis. There- 
fore, the top fractions of the gradient were highly enriched in short tubules and quasi-spherical assemblies, called 
capsoids, with a diameter of 60-70 nm, together with a small proportion of VLPs of polygonal contour (Figure 1 C). The 

15 Western blot analysis of the top fractions of the gradient, which contained the highest concentration of capsoids, clearly 
showed that they contained a larger ratio of whole VPS protein than of VPSA907-1 012 protein (data not shown). This 
result indicated thatthe incorporation of the whole VPS protein in these structures is more efficient than that of the deleted 
form. These results show that the C-terminal end of VPS plays af undamental role in the morphogenesis of the 1 BDV capsid. 
[0100] The VPS protein undergoes a proteolytic processing in insect cells. It has previously been disclosed that the 

20 expression of the IBDV polyprotein in insect cells producestheassembly of long tubules fomried by VPXtrimer hexamers 
(Da Costa, B., C. Chevalier, C. Henry, J. C. Huet, S. Petit, J. Lcpault, H. Boot, and B. Delmas 2002. The capsid of 
infectious bursal disease virus contains several small peptides arising from the maturation process of pVP2. J Virol. 
76:2S9S-402; Martinez -Torrecuadrada JL et al. 2000. Different architectures in the assembly of infectious bursal disease 
virus capsid proteins expressed in insect cells. Virology. 278:S22-S1). The similarity between the tubules observed in 

25 mammal cells infected with VT7/PolyA907-1 01 2 and those detected in insect cells infected with recombinant baculovi- 
ruses expressing the whole polyprotein led to the analysis of the condition of the VPS protein accumulated in insect 
cells. To that end, cell extracts infected with IBDV, VT7/Poly (Fernandez-Arias A et al. 1998. Expression of ORF Al of 
Infectious bursal disease virus results in the fomnation of virus-like particles. J. Gen. Virol. 79: 1047-54) and FB/Poly, 
respectively, were analyzed by means of Western blot using anti-VPS semm (Fernandez-Arias A et al. 1 997. The major 

30 antigenic protein of infectious bursal disease virus, VP2, is an apoptotic inducer. J Virol. 71:8014-8). In cells infected 
with IBDV and VT7/Poly, the presence of a single band of 29 kDa, the expected: size of the whole VPS protein, was 
detected by means of Westem blot (Figure 2). On the contrary, in insect cells infected with FB/Poly, the presence of two 
bands con'esponding to polypeptides of 29 and 27 kDa, respectively, was detected by means of Westem blot (Figure 
2). An analysis of the time expression showed that even though the appearance of the product of 27 kDa is slightly 

35 delayed with regard to the appearance of the product of 29 kDa, It becomes predominant in the later stage of infection 
(Rgure 8A). A similar analysis earned out in Sf9 cells produced Identical results (data not shown). These results show 
that in Insect cells, the VPS protein undergoes a post-translational modification giving rise to the accumulation of a 
product of 27 kDa. 

[01 01 1 The infection of insect cells with a recombinant baculovirus, FB/his-VPS, expressing a version of VPS containing 
a six-histidine residue tag (6xhis), called his-VPS (Rgure 3A), gives rise to the accumulation of two molecular fonns of 
the protein of S2 and 30 kDa, respectively, similar to those observed in cells infected with FB/Poly (Kochan G et al. 2003. 
Characterization of the RNAbinding activity of VP3, amajor structural protein of IBDV. Archives of Virology 148:723-744). 
Therefore, FB/his-VPS was used as a tool to detemnine the origin of the smaller VPS protein. To that end, both total cell 
extracts infected with FB/his-VPS and protein purified by means of IMAC were analyzed by means of SDS-PAGE and 

45 Western blot using anti-VPS serum (Figure SB) and anti-6xhis (Rgure 3C). As shown in Figure 3B, the polyprotein of 
the 30 kDa is present in the purified protein sample, which shows that its N-terminal end remains intact. On the other 
hand, both the product of 32 kDa and that of SO kDa are recognized by both antisera (Rgures 3B and SC). These results 
strongly indicate that in Insect cells, the VPS protein undergoes proteolysis, giving rise to a product lacking a fragment 
of 2 kDa at its C-temriinal end. For the purpose of fimnly detemnining this possibility, six recombinant baculoviruses called 

50 his-VPSA25S-267, his-VP3A248-257, his-VP3A24S-257, his-VP3A2S8-257, his-VP3A233-257 and his-VPSA228-257, 
respectively (Rgure 4A) were used [they con^spond to those defined In the section of Materials and Methods, sub-section 
Cells and Virus, with an identical nomenclature, but preceded by "FB/" (indicative of the name of the plasmid used for 
generating the viruses (pFastBacI)]. These recombinant baculoviruses express a series of deletion fomris of VPS con- 
taining a histidlne tag. The deletions were generated to progressively eliminate groups of 5 amino acid residues and 

55 thus generate a collection with growing deletions at the C-temriinal end of the VPS protein, as shown in Figure 4A. The 
expression of these proteins was analyzed by means of Western blot using anti-VP3 scrum. As shown in Figure 4B, the 
expression of the his-VP3 (his-VPS wt) whole protein and of the his-VPSA253-257 mutant protein gave rise to the 
fomiation of doublets. On the other hand, the proteins containing deletions of 10 or more residues migrated according 
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to their expected size, giving way to a single band (Figure 4B). This result shows that the C-temnlnal end of the VP3 
protein is protcolytically processed and that the deletion of the cleavage site prevents proteolysis. The electrophoretic 
mobility of the his-VP3A248-257 protein is slightly less than that of the polypeptides generated by proteolytic processing 
of hls-VP3 and his-VP3A253-257, which indicates that the processing occurs in the region located between residues 
5 243 and 248, The C-terminal end of the his-VP3A248-257 protein is probably too short so as to allow the recognition on 
the part of the protease, and therefore it would not undergo proteolytic processing. 

[01 02] For the purpose of conflnning the results obtained with the his-VP3 deletion mutants and precisely establishing 
the proteolytic cleavage site in the VP3 protein, H5 cell extracts infected with FB/his-VP3 were subjected to purification 
by means of IMAC. The resulting purified protein was analyzed by means of mass spectrometry. The experiment was 

10 repeated three times using independent purifications. The obtained results were similar in all cases (a difference in mass 
of less than 0.03%). Figure 5A shows the results of one of these experiments. The presence of two polypeptides of 
32,004 and 30,444 Da, respectively, was detennined. These results show that the proteolytic processing causes the 
elimination of a peptide of 1,660 Da from the C-terminal end of his-VP3. This size fits with the molecular mass (1,576 
Da) corresponding to the 13 C-temriinal residues of VP3 (SEQ. ID. NO: 3) (Figure 5B). 

15 [0103] These results as a whole show that the VP3 protein is proteolytically processed in insect cells between the 
L244 and G245 residues, giving rise to a polypeptide lacking the 13 C-temiinal residues. 

EXAMPLE 2 

20 Generation of a recombinant baculovlrus coexpresslng the A1 and B1 open reading frames of the IBDV genome 

2.1 Construction of the plasmid pFBDA/P1 

[0104] The nucleotide sequence con-esponding to the B1 open reading frame of the IBDV genome was obtained from 
25 the plasmid pBSKVPI described above (Lombardo E et al. 1999. VP1, the putative RNA-dependent RNA polymerase 
of infectious bursal disease virus, fomns complexes with the capsid protein VP3, leading to efficient encapsidation into 
virus-like particles. J. Virol. 73:6973-83). The plasmid was purified and subjected to the following enzymatic treatments: 
i) digestion with the restriction enzyme A/ofI; 11) incubation with the Klenow fragment of DNA polymerase of E. coli'm the 
presence of dNTPs; and ill) digestion with the restriction enzyme Xho\. Then the con^esponding DNA fragment was 
30 purified and used for Its cloning into the vector pFastBacDual (Invitrogen) previously treated with restriction enzymes 
Xho\ and Pvu\\. Forthis, the DNA fragment and the linearized plasmid were incubated in the presence of T4 DNA ligase 
to generate the plasmid pFBDA/PI . 

2.2 Construction of the plasmid pFBD/Polv-VPI 

35 

[01 05] The nucleotide sequence con-esponding to the Al open reading frame of the IBDV genome was obtained from 
the plasmid pClneoPoly described above (Lombardo E etal. 1999. VP1, the putative RNA-dependent RNA polymerase 
of infectious bursal disease virus, forms complexes with the capsid protein VP3, leading to efficient encapsidation into 
virus-like particles. J. Virol. 73:6973-83). The plasmid was purified and incubated with the restriction enzymes EcoRI 
40 and A/ofi. The con-esponding DNA fragment was purified and incubated with the plasmid pFBDA/PI , previously digested 
with the restriction enzymes EcoRI and Wo/I, in the presence of T4 DNA ligase to generate the plasmid pFBD/Poly-VP1 . 
A bacteria culture transfomned with said plasmid pFBD/Poly-VPI has been deposited in the CECT with deposit number 
CECT5777. 

45 2.3 Obtaining the bacmld Bac/pFBD/Poly-VPI 

[0106] This was carried out by means of the transformation of competent bacteria DHIOBac (Invitrogen), positive 
colony selection in selective medium and purification following the methodology disclosed by Invitrogen (catalog numbers 
10359016 and 10608016). 

50 

2.4 Obtaining the recombinant bacuiovirus FBD/Poly-VPI 

[0107] The virus was obtained by means of transfection of H5 cells (Invitrogen) with the bacmid Bac/pFBD/Poly-VP1 
previously purified following the methodology disclosed by invitrogen (catalog numbers 10359016 and 10608016). 

55 
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EXAMPLE 3 

Obtaining whole IBDV VLPs from H5 cells infected with the recombinant baculovirus FBD/PoLy-VPI 

[0108] H5 cell cultures were infected with the recombinant virus FBD/Poly-VPI (Example 2) using a multiplicity of 
infection of 5 plaque fomning units per cell. The cultures were harvested at 72 hours post-infection (h.p.i). The cells were 
settled by means of centrifugation (1 .500 x g for 10 minutes). The cellular sediment was resuspended In PES buffer 
(PIPES (1 ,4-piperazine ethanesulfonic acid) 25 mM, pH 6.2, NaC1 150 mM, CaClg 20 mM). Then the cells were homog- 
enized by means of three consecutive freezlngAhawing cycles (-70''C/+37°C). The con-esponding homogenate was 
centrlf uged (1 0.000 x g for 1 5 minutes at 4'C), The resulting supernatant was harvested and used for the purification of 
the VLPs. To that end, a centrifuge tube with a 25% sucrose cushion (weight/volume), diluted in PES buffer of 4 ml, was 
prepared, depositing 8 ml of supernatant thereon. The tube was centrif uged (125.000 xgfor3 hours at4**C).The resulting 
sediment was resuspended in 1 ml of PES buffer. Then a continuous 25-50% sucrose gradient in PES buffer was 
prepared in a centrifuge tube, depositing the resuspended sediment thereon. The tube was centrif uged (1 25.000 x g for 
1 hour at 4°C). Then the gradient was fractioned into aliquots of 1 ml. 

[0109] The different aliquots were analyzed by means of transmission electron microscopy. To that end, a volume of 
5 fjil of each sample was placed on a microscope grid. The samples were negatively stained with an aqueous solution 
of 2% uranyl acetate. A Jeol 1 200 EXI I microscope operating at 1 00 kV and at a nominal magnification of 40.000 X was 
used. This analysis showed the presence of whole VLPs structurally identical to the I BD V virions in the analyzed samples. 
[01 1 0] For the purpose of determining the protein composition of the VLPs detected by means of electron microscopy, 
the samples were analyzed by means of Western blot. To that end, the samples were subjected to polyacrylamide gel 
electrophoresis. The gels were subsequently transfen'ed to nitrocellulose and Incubated with anti-VPX/2 antibodies 
(anti-pVP2A/P2), antl-VP3 and anti-VPI . The results showed the presence of the VPX, VP2, VPS and VP1 proteins in 
the fractions containing VLPs. 

MICROORGANISM DEPOSIT 

[0111 J A culture of the bacteria derived from DH6, earner of a plasmid containing the TBDV polyprotein-VP1 genetic 
construction (pFBD/Poly-VPI ), DH5-pFBD/poly-VP1 , has been deposited in the Spanish Culture Type Collection (CECT), 
University of Valencia, Research Building, Burjasot Campus 46100 Burjasot Valencia, Spain, on March 8, 2003, with 
deposit number CECT 5777. 
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SEQUENCE LISTING 

<,110> CONSKJO SUPERIOR D£ iNVESTIGACIONES CIENTIfTCAS 
<110> BIONOSTKA, S.L. 

<120> WHOLE EMPTY ViKAL PARTICLES OF THE TNFF.CTIOOS BURSAL DISEASE 
VIRUS (IBDV), PRODUCTION PROCESS AND APPLICATIONS 

<150> P200300751 
<151> 2003-03-31 

<160> 9 

<.170> l^atentln version 3.1 

<210> 1 
<2ll> 10909 
<212> DNA 

<213> Artificj.al sequence 
<220> 

<7?.3> lEDV polyprotein-VPl gene construction 
<220> 

<2Zl> gene 

<222> (3).. (3041) 

<223> Op«?n reeJding frame of IBOV polyprotcin in rcveme compl ementory 
strand 

<220> 

<T/l> promoter 

<222> {3083) . . (3211) 

<223> AcMNV polyhedrin promoter 

<220> 

<221> promoter 
<222> (3230) (3351) 

<223> AcMNV plO promor.Gr 

<220> 

<221> CDS 

<222> (3388) . . (6027) 

<223> Open reading frame of TBDV VPl protein 
<220> 

<221> polyA_5ite 

<222> (6068) . . (6331) 
<223> 

<220> 

<?.9A> gene 

<222> (6901) . . (7434) 

<223> Gentomlcin resistance qene 

<:220> 

<221> misc_featurc 

<222> (7.';01) . . (7725) 

<223> Minitransposon Tn7R 

<220> 

<22l> gene 
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<222> (8787) . . (96^7) 

<Z23> Ampicillin resistance qene 

<221> mi»c_feature 
<222> m\>A) . . {-[OrdA) 
<223> Fl 

<'A'AO> 

<221> misc_featurc 

<222> (I041rt) . . (105U3) 

<?.23> Minitrarib'posQn Tij7L 

<400> 1 

gctcactcaa qqtcctcatc agagacggtc ctgatccagc ggcccagccg accagggggt 
cr.ctgr.gf.ng gagc^ttgcjQ LLLLggcttg ggctttqqta qaqcccqcct qqqattgcga 
tgcttcatct ccatcgcagr. Cfi.ig»igr.ago tctttcacct gcccccggtc cgggccocgt 
ccatggttga tttcatagac tttggcaact tcgtctatga aagcttgggg tggctctgcc 
tgtcctggag ccccglagat cqacgtagct gcccttagga tttgttcttc tgatgccaac 
cggctctt.ct cr.gcotgcoc gtagtctaga uagLcctcqL ttqqqLccqq LaLllcccgc 
ttgttctgcc agtactttac ctggcctggg cttggccctc ggtgcccatt. qoqtqctacc 
catrccqgtcj tigcaaagla qatqcccatg gtctccatct tctttgagat ccgtgtgtct 
ttttrcctct gtgcttcctc tggtgtgggg ccccgagccL ccacLccgia gcclgccgtc 
ccgtacttgg ccctttgcga cttgctgcrt gcttgtggtg cgtttgcaag ooaatttcgc 
atccgatggg cqttcqgqtc gctgagtgcg aagttggcca tgtcagtcac aatcccattc 
tcctccagcc acatgaacac aclgagtgca gattqqaata qtqqqtccac qttgqctgcL 
gcttccattg ctctgacggc acccccgagc tcgggggtct euLtgaactc Lgacgcagcc 
atqqcaaqqt qqtactqqcq tcctgcattg ggtggaaggt atggtciggtt gaggtagggg 
agcclytcuc agtcgcgtgq attqtqaqqq aaacgtttga tgaacgttgc ccagttqqqc 
ccggr,gccv,a caccgaacgc Lccgggauca qccaacctaa ggccaagtcq qtqtgcagta 
gcg.igct.tgg tg^:ttct.ood gcctacttcc ccaatctcgc cacaaqcatt gagggcLccc 
gtcatagcca catggattgg goccctgggt cgaaacacat ccacgiaagc ..tatggctaga 
tttccactgt ttcccaca.it aggoggtatg ggatctttgg acagcacaat: gctgtcgtcc 
cagacatcat ctattgggac aacggtgtag trtctcccog tctccagtgg oogt»icccca 
tctggagcat atccatagac tctgtgtcc.i gagogogttc gtatgaagga tcctctttga 
gatggaggtt ggaggtcttc tcgcnrgcct tc»iotgacog caaacatttt gctgttcaat 
gctttgggtg tcatggcgtc ttcc.ictgtc gtOciJtjacca cagggaatag cgtggcoccc 
tctcttaaca cgcagtcgag gttgtgtgco ccgcggagta cccca^jgcga agcaogaotc 
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ccgtcgacta 




gggcacctgg 


oot^igattcg 


cgoctacctc 


gtaccccttg 


1500 


t caacaocas. 


aaatcaocta 


cr.ttatgcgg 


rctgoggrng 


ctcttgrttt 


tcctgacgcg 


1560 


y Ct CQSK^Cd^ 


tt cctigaagc 




tcatcgccca 


acagotaatc 


tacaccttcc 


1620 


V* w* U ^ V 


u (luc t B a cia Of 




gqgaacaatg 


tggagaccac 


cggoacagCL 


1680 


■iF V V V V V* V V* 


V * J ^ W W ^ ^ V 


latgtct t tg 


aagccgaat g 


ctcctgcd^l' 


cucaggggd 


1740 






rriticrAriar«it 

%fmwA Vm W r* \m ^« V * ■ 


r.cdcgciddgc 




ccttcfttaae 


1800 






acggtccctc 


tcactcagta 


tcaattttat 


otaattcata 

^ W9V| W W WM W\f 


1860 






at att ctctta 


accaggtt 


ttoctaot t c 


aaaat 1 1 uaci 


1920 






^ wd y w*j « w 


y vww*^ywiw»|jyi 


d t Gttt cs I* t* no 

Oi^wwVVj^ 


C'Af't C't TT C^O 
W9 w- w v> ii« ^wy 


1980 


L (3 ^ ^ L*\^a Cm U cl 


gcg^gAc^gg 




<?f"f CfCf a t fl f 

WW ^•y y V V y ^ 


WwMWl>V '*y 


wci 1. w y w wa w w 








ccatoacat c 

WWtt UiUOka B WW 


t oat cccc to 

www W W wW www 


cetoaccaec 


act 1 1 1 an fin 




rrt* ^ f^T nT 








I c- 1 r*rt I 1 1 ft !■ 

w W t Wxj L L V L 


V. y y CYC* ^wc« V'CJ 


y^ fin 




Uwnl.tattiyui.l. 


rf t flirt t ^*rf 


y vvy i^wcy ww 


wv w> V. V* i^y i« 


uyi.\.nWaUww 


000(\ 


/•f" era ^ ^ a 




atcaaaacct 


atgaggtaga 


*«yy uyywy WW 


r*nnt nf^HMfin 


27ftO 


r ^ a 

L \} y a ^ 


L L y w L ^y CLOCL 




wWWWWOOb^ w 




yttLyy ^ciL wct 


J V 






9 U W W9 WW 




y y V a vi^y cy ci 


^ rt-"i ^ 1 1 rift 
vyMyweJ i.i.yy 


2400 




W WU WS«J W WB b 


cf at a t .1 cf A t 

W W W W W 14 w v» t« 


w wyijyi.v.i.^j 1. 


f«l flc?t crt c 


awa WW wyuww 


2460 


Af'f'fi t \ \ [ \ ft 
ei u L L w u ^ 






W W ^ ^ w ^ W Wu w 


WGICI\| WWW WGi W 


CI I. ci wwwcici y a 


2570 








W V N/ V V 


wV'Wv-vwyyt'w 


cj r tcrcAfit t 


2b80 


1 1 o t c flt t era 


t dt t acre tot 


tgccigflCrir.c 


A A c.ccA r. r. g t. 


gc t. Cfi r. c 


tat caatt ca 


2640 




et t ocraaaat 

WW b Sfl W**WSJ W 


cacao cot tt 

WBWSj|W| w^ www 


atacrtaccct 
■*^y^ ^y^**^ ^ 


t tagtgcata 


^* O ^^^T ^^^^^ V W^* 


2700 


A CI H H u ^ n ^ ti 


1 1 cranntnac 

^ ^ \^ d V W W ^^Qfc W 


t gt gagact c 


cgactcacta 


acctacaata 


at tat aacifc fi 

^ w w %j w w M w w y 


2760 




WW 1^ V V id^** «9 ^ 


caggagcdt c 


taatcaaact 


t at aa 1 1 cCk 

w X| w wvy w w www 


alt ciccctoc 


2820 




gagcncccQC 


riottgogccc) 


gggOdtCCc^Q 


cjgddaaagdc 


oot-tagccct 


2S80 


gaccctgtgt 


cccccacagt 


raoottgtog 


gtcgoggtct 


ctgocctgog 


agtgtgcttc 


2940 


tccacTCTatQt: 


cgtccgga.nt 


qq»TCQCcggt 


ccagttattq 


gco tcog*^og 


gctrr.gtatq 


3000 


aacggaacaa 


tctgctgggt 


ttgntctgoc 


oggtttgtco 


tcgatgcgot 


rgaattccgc 


3060 


gcgcttcgga 


ccgggntccg 


cgcccgotgg 


tgggacggta 


tgastaatcc 


ggaatattta 


3120 


taggtttttt 


tattacaaoo 


ctgttocgaa 




tacttatttrj 


tttgcgagat 


3180 


ggttatcatt 


ttaattatct 


ccatgatcto 


ttaatottcc 


ggogtatacg 


gacctttaat 


3240 
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Lcaacccaac acaatatatt atagttaaat aagaattatt atcaaatcat ttgtatatta 

attaaaaiac laLautqtaa attacatttt atttacaatc actcgacgaa gacttgatca 

cccgggotct cgoggtcgac ggtai:cg atg agi gac glL LLC aaL age cca cag 

Met Scr Asp Vnl Phc Assn 5cr Pro Gin 
1 5 

gcg cga age acg ate tea gca gcg ttc ggc ata ^eg cct oet get gga 
Ala Arg Ser Thr lie Ser Ala Ala Phe Gly lie Lys Pro Thr Ala Gly 
10 15 20 25 

oaa gac gtg gaa gaa etc ttq ate cct aaa gtt tgg gtg cca cet qag 
Gin Asp Val Glu Glu Leu Lou lie Pro Lys Val Trp Vai Pro Pro Giu 
30 35 40 

gat eeg ctt gee age ect agt ega ctg gca aag ttc er.c aga gag aac 
Asp Pro V.eu Ala Ser ero Ser Arg Leu Ala Lys Phe Leu Arg Glu ASft 
45 60 56 

ggc tac aaa gtt tug cag ccg egg tct ctg ccc qaq aat qaq gag taL 
Gly Tyr Lys Val Leu Gin Pro Arg Ser Lou Pro Glu Asn Glu Glu Tyr 
60 65 70 

gag acc gac caa ata etc eca gac tta gca tgg atg cga cag ata gaa 
Glu Thr Asp Gin lie Lni) Pro Asp T,eu Ala Trp Met Arg Gin Tie Clu 
75 80 85 

ggg get gtt tta aaa ccc act cta tot ctc ccc att gga got cog gag 
Gly Ala Val Leu Lys Vro Thr Leu Ser Leu Pro He Gly Asp Gin Glu 
90 95 100 105 

lac LLC cca aag Lac Lac cca aua cat cgc cct age aag gag aaq ccc 
Tyr Phe Pro Lys Tyr Tyr Pro Thr His Arg Pro Ser T.ys CI" Ly.*; Pro 
110 115 120 

aat gcg tac cca cca gac ate gca eta ctc aag cag atg att tae ctg 
Asn Ala Tyr Pro Pro Asp He Ala Leu Leu Lys Gin Met He Tyr Leo 
125 130 135 

LLt etc cag gLl cca gay gcc aac gaq ggc eta aag qat gaa gta acc 
Phe Leu Gin Val Pro Giu Ala Asn Glu Gly Leu Lys Ar.p Glu Val Thr 
140 T»5 150 

ctc ttg acc caa aac ata agg gac aag gco tan gga agr ggg ace tac 
Leu Leu 'I'br Gin Assn He Arq Asp Lys Ala Tyr Gly Ser Gly Thr Tyr 
155 160 165 

atg gga caa gca aat cga ctt gtg gcc atg aag gag gte gcc act gga. 
Met Gly Gin Ala Aisn Arg T.eu Val Ala Mec Lys Glu Val Ala Thr ciy 
170 175 180 185 

aga aac cca aac aag gaL cct eta aag ctt ggg tac act ttt gay aqc 
Arq Asn Pro A.m Lys Agp Pro T,eu Lys Leu Gly Tyr Thr Phe Clu Scr 
190 195 200 

aLc gcg cag cLa cLL qac ate aea eta ccg gta ggc cca ccc gqt qaq 
lie Ala GJn L^iu T.eu Asp Tie Thr Lea Pro Val Gly Pro Pro Gly Clu 
205 210 215 

gaL gac aaq ccc tqq qtq cca etc aca aga gtg ccg tea egg atq ttq 
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Asp Aap Lys Pro Trp Val Pro Leu Thr Arg Val Pro Ser Arq Met Leu 
29.0 225 230 

gtg ctg acg ggo goc gta gat ggc gac ttt gag gtt gaa gat tac ctt 

Vol Leu Thr Gly Asp Val Asp Gly Asp Phe Ciu Val Glu Asp Tyr Leu 

235 y^^O 245 

ccc; aaa ate aac etc aag tea tci> agt QQa cla cca tat qta qqt cgc 

Pro Lys lie Asn Leu T.ys Ser Ser Ser Gly Leu Pro Tyr Val Giy Arg 
250 255 260 265 

acc Ocia ggr^ gag aca aLU ygc gaq atg ata get ata tea aac cag ttr. 

Thr Lys Gly Glu Thr lie Giy Glu M«n Tie Ala lie Ser Asn Gin Phe 
270 275 280 

etc aqa qag eta tea aca ctg tr.g aag caa OQt gca qgq aca aaq qqg 

Leu Arg Glu Lgu S(?r Thr T.eu Leu Lys Gin Gly Ala Gly Thr Lys Gly 
285 290 295 

tea aac aag aag aag eta etc aqc atg tta agt gae tat rgg tac tta 

Ser Asn Lys Lys Lys Leu Leu Ser Met Lou Ser Asp Tyr Trp Tyr Leu 
300 305 310 

tea cgc qqq ctt ttg ttt cca aag get gaa agg tac gac aaa age aca 

Ser Cys Gly Leu Lgu Phe Pro Lys Ala Glu Arg Tyr Asp Lys Ser Thr 

31 f) 320 325 

tgg etc ace aag ace egg aac ata cgg Lea qct cca tec cca aca cae 

Trp Leu Thr Lys Thr Arg Asn lie Trp Ser Ala Pro Sor Pro Thr His 
330 335 340 345 

etc acg ate tec aig ate acc tgg ccc gtg atg tec aac age cca aat 

Leu Met lie Ser Met lie Thr Trp Pro Val Met Ser Asn Ser Pro Asn 
350 355 360 

aac gtg ttq aac att gaa ggg tgt cca tea etc lac aaa tie aac ecg 

Asn Val Leu Asn 13 e Glu Gly Cys Pro Ser Leu Tyr Lys Phe Asn Pro 
365 370 375 

ttc aga gqa ggg tUg aac agg ate gtc qaq tgg ata ttg gee ceg gaa 

phe Arg Giy Gly Leu Asn Arg lie Val Glu Trp He l.eu Ala Pro Glu 
380 385 390 

qaa cec aag get ctt gta tat gcg gac aac ata tac att qtc cae tea 

Glu Pro Lys Ala Leu Va.l Tyr Ala Asp Asn He Tyr lie Val His Scr 

395 400 105 

aac acg tgg tac Ica att gae eta gag aag ggt gag gca anc tgc act 

Asn Thr Trp Tyr -Scr .He Asp T.eu Glu Lys Gly Glu Ala Asn. Cys. Thr 
430 415 420 42h 

cgc caa cae atg caa gee qca atg tac tac ata etc aec aga ggg tgg 

Axq Gin His Met Gin Ala Ala Met Tyr Tyr He Leu Thr Arg Gly Trp 
130 435 440 



tea gae aac ggc gac cca alq ttc aat caa aca tgg gee ace ttt gee 
Ser Asp Asn Gly Asp Pro Mot Pha Asn Cin Thr Trp Ala Thr Phe Ala 
445 450 455 
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atg aac att gcc cct get cto gtg gtg gac cca ccg tgc cig aca acg ^Q06 

Mot Asn Tie AXo Pro Ala Leu Val Val Asp Ser Ser Cys Leu He Met 
460 465 470 

5 

r:iac ctg caa all aag acc tat ggt caa ggc age ggg aat gca gcc acg 4854 

Asn Leu Gin Ho Lyr. Thr Tyr Cly Gin Gly Ser Gly Asa Ala Ala Thr 
475 480 485 

10 ttc ate aac aac cac etc ttg age acg eta gtg ctt qac caq tqg aac 4 902 

Phe He Asn Asn His Leu Leu Ser Thr Leu Val Leu Asp Gin Trp Asn 
490 49b 500 505 



15 



20 



25 



30 



ttg atg aga caq ccc aga cca gac age gag gag ttc OcirS tC5 att gag 4 9SC) 
Leu Met Arg Gin Pro Arg Pro A$p Ser Glu Glu L>he Lyss Ser He Glu 
510 515 520 

gac aag eta ggt ate aac ttr. aog att gag agg tec att gat gat ate 4 998 
Asp Tiys r.eu Gly He Asn Phe Lys He Glu Arg Ser lie Asp Asp lie 
525 530 535 

dqq ggc aag ctg aga caq ctt gtc etc ctt gca caa cca ggg tac ctg 504 6 
Arq Gly Lys Leu Arg Gin Leu Val Leu Lru Ala Gin Pro dy Tyr Leu 
540 5<I5 550 

999 999 9tt gaa cca gaa caa tec age cca act get gag etc gac 5094 
Sor Gly Giy VaJ Glu Pro Glu Gin Ser Ser Pro Xhr Val Glu Leu Asp 
555 560 565 

eta eta ggg tgg tea get oca tac age aaa gat etc gqg ate tat qLq 5142 
Leu Leu Gly Trp Ser Ala Thr Tyr Ser Lys Ar.p Leu Gly Tic Tyr Vai 
570 575 580 585 

ccg gig cLL gac aaq qaa cge eta ttt tgt tet get gcg tat ccc aag 1>190 
Pro Val Leu Asp Lys Glu Arg Leu Phe Cys Ser Ala Ala Tyr Pro Lys 
590- 595 600 

gga gta gag aac aag agt etc aag ice aaa gtc gqg ate qag cag gca 5238 
Gly Val G.lu Asn Lys Ser Leu Lys Ser Lys Val Gly He Glu Gin Ala 
605 610 615 

lac aag gta glc agg tat gaq qcq tta agg ttg gta ggt ggt tgg aac !>286 
40 Tyr Lys Val Val Arg Tyr Glu Ala Tieo Acg Leu val Gly Gly Trp Asn 

620 625 630 

tac cca etc ctg aac aaa gcc tge aag aat aac qca ggc gcc qct cqq 5334 

Tyr Pro Leu Leu Asn Lys Ala Cys Lys Asn Asn Aia Gly Ala Aia Arg 

. .63b . . , . 640 . 645 

45 

egg cat ctg gag gcc aag ggg ttc cca etc gac gag ttc eta gcc qag 5382 

Arg His Leu Glu Ala Lys Gly L'he Pro Leu Asp Glu Phe Leu Ma Glu 

650 655 660 665 

50 tgg tct gag ctg tea gag ttc ggt gag gcc ttc gaa ggc ttc aat ate 5430 

Trp Ser Glu Leu Ser Glu Phe Gly Glu Ala Phe Glu Gly Phe Asn He 
670 675 680 

aag ctg acc gta aca tct gag age cto gcc gaa ctg aac aag cca gta 5470 
T.ys T.eu Thr Vai Thr Ser Glu Ser Leu Ala Glu Leu Asn Lys Pro Val 
685 690 695 



35 



EP1 621 612 A1 



ccc ccc aag ccc cco 00 t gtc ddc aga cca qlo aac acL qqq gga etc 5526 

Pro Pro Lys Pro Pro Asn Val Asn Arg Pro Val Asn Thr Gly Gly Leu 
700 'yOf) VI 0 

5 

Aag gca git: aqc aac qcc etc aag acc ggt egg tac .igg nac gaa gcc 5574 

Lys Ala Val Ser Asn Aid Leu Lys Thr Gly Arg Tyx' Arg Asn Glu Ala 

715 720 725 

10 ggo ctg agt ggt etc gtc ctL eta gee aca qca aqa aqc cqt ctg caa 5622 

Gly Leu Ser Gly Leu Val Leu Leu Ala Thr Ala Arg Ser Arg Leu Gin 
730 7:^5 740 7^5 



15 



20 



gat qca gtt aag gcc aag gca gaa gcc grig ^^aa etc Ccto Arig t.c.c ,ifiq 5670 

Asp Ala Val Lya Ala Ly$ Ala Glu Ala Glu Lys Leu Hii5 Lys Ser Lys 

750 755 760 

cca gac gac ccc got gca gac tgg CLc gaa aqa tea qaa act ctg tea 5718 

Pro Asp Asp Pro Asp Ala Asp Trp Phe Glu Arg Sor Glu Thr Leu Ser 
765 770 775 

gac CtL ctq qaq aaa gcc gac ate gcc age aag gtc gcc cac tea gca 5766 

Asp Leu Leu Glu Lys Ala Asp lie A3o Ser Lys Val Ala H1.S Ser Ala 
780 785 790 

etc gtg gaa aca age goc gee ctt gaa gca gU caq icq acl tee gcg 5014 

LRU Val COu Thr Ser Asp Ala Leu Glu Ala Val Gin Ser Thr Ser Val 
795 800 BOfj 

tnc occ ccc aag tac cca gaa qic aag aac cca cag acc gcc tec aac 5862 

Xyr Thr t*ro Lys Tyr Pro Glu Val Lyr. Ann Pro CIn Thr Al,i Sar Ann 

810 815 820 825 

ccg gtt gtt ggg etc cac ctg ccc gcc .irig agg gcc occ ggt gtc cng b910 

Pro Val Val ciy Leu His lieu Pro Ala Lys Arg Ala Thr Gly Val Gin 

830 835 840 

^ gcc get ctt etc gga gca gga acg aye aga cca atg qqq atq qaq qcc 5958 

Ala Ala Leu Leu Gly Ala Gly Thr Ser Arg Pro Mot Gly Met Glu Ala 
845 850 855 



25 



30 



40 



45 



cca aca egg tec aaq aac gcc gtg aaa atg gcc .lan egg egg caa cgc 6006 
Pro Thr Arg Ser Lys Asn Ala Val Lys Met Ala Lys Arg Arq Gin Arg 
860 865 870 

caa aag gcig age cgc caa tag ccatqaqgcq gcectgatgc atagcatgcg 6057 
Gin Lys Glu Ser Arg Gin 
875 . 





gtaccgggag 


atgggggagg 


etaactgaaa 


caeqqaagga 


gacaataccg 


qaaqqaaccc 


6117 




gcgctatgac 


ggcaataaaa 


agacagooto 


aaacgcacqq 


qLqiiqqgLc 


qcttgcccac 


6177 


50 


aaacgcgggg 


ttcggtccca 


gggctggcoc 


tctgccgata 


ccccaccqag 


accccactgg 


6237 




gaccaatacg 


cccgcgtttc 


ttccttttcc 


ccaccccaac 


ceccaagLLc 


gggtgaaggc 


6257 




ccagggctcg 


cagcraacgt 


cggggcggca' 


agcccLgcca 


laqccactao 


gggidcgiag 


6357 


55 


gccaaccact 


agaactotog 


ctagagcccc 


gggcgaacaa 


acqatqctcg 


cclLccagaa 


6417 
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aaccgoggat gcqaaccact tcatccgggg 
gaggtctocc gatctccLga acjccagggca 
acagcaaggc cgccOcJtgcc cgacgatqcq 
qccaggacag aant.gcctcg acctcgcLgc 
ggaaacggat gaaggcacga ticccagttga 
gcaagCagcg Latgcgctca cqcaactggt 
acggcgcagt ggcggtLlLc atggcttqtt 
qggcatccaa gcagca.igcg cgLUacgccg 
acgatqttac gcagcagcaa cgar.gtt«nog 
ggrggcLcaa gtatqqqcat cattcgcaca 
atgcgggcr.g ctcttgatcc LLtcqqtcqt 
catcagccgg actccgatta cctcgggnoc 
gctgcctccg accaaqaaqc ggttgttggc 
gagc«igrr.gc gtogtg^igac clalaLctat 
cagggcattg ccaccgcgct cntcOiTitctc 
caLgLgaicL acqtgcaagc agattacggt 
ttgggcatac gggaagaagi qatqcacttt 
ttcgttcaag ccgagntcgg cttcccggcc 
cgcgaatata qtctttacca tgcccttggc 
gcdccucaqa aaalgaaqaq tttqctttag 
agcatadctg gaclgaLLlc agkttacaac 
tagtttagat ctatr.r,r.gr.t cagLtlaaga 
gqgcatccat ttattactca nccgtaaccg 
tgtgaaatac cgcacagatg cgtaaggaga 
tcgcCcacKj actcqctgcg ctcggtcgtt 
oaggcggcaa lacqqttatc cacagaatca 
odaggccagc aaaaggccag gaaccgtaaa 
ctcogccccc ciqacqagca tcacaaaaat 
dcaggaciaL aaaqalacca ggcgtttccc 
ccgoccccgc cgcLLaccqg atacctgtcc 



tcagc.icMc cggcaagcgc cgcgocggcc 6'477 

gatccgtgca cagcnccttg cc.gtr:)goog.i 6b37 

tggagaccga aaccttgcgc tcgttcgcca 6597 

tgcccaaqgt tgccgggtga cgcacaccgt 6667 

cataagcctg ttcggttcgt aaactgtaat 6717 

ccagaacctt gaccgaacgc agcggtggca 6777 

atgactgttt ttttgtacag tctatgcctc 6837 

tgggtcqatq tttgatgtta tggagcagca 6897 

cagcagggca gtcyccctaa aacaaaqtta 6957 

tgtaggctcg gccctgacca ogccaaatcc 7017 

gagttcggag acgtagccac ctactcccaa 7077 

tcgccccgia glaaqacatt catc;qcgctt 7137 

gctctcgcgg cttacgttct gcccaggttt 7197 

gatctcgcag tctccggcga gcacrggagg 72b7 

ClcaaqcaLq aqqccaacgc gcttggtgct 7317 

gacgatcccg cagcggclct ccalacaaag 7377 

gatatcgacc caagtaccgc cacctaacaa 7^37 

gcggagttgt tcgqtaaatt gtcacaacqc 7497 

cacgcccctc iLlaaiacga cgggcaatlL 7557 

ccataacaaa agcccagtat gctctttcac 7617 

tattctgtct agtttaagac tttattgtca 7677 

ctttattqtc cgcccacacc cgcttacgca 7737 

aitttgccaq qttacgcgqc tggtctqcqq 7797 

ariar.occgca ccaggcgctc ccccgccccc 7857 

cggcngcggc gr:igcggtatc agctcaccca 7917 

ggggataacg caggaaagaa catgtgagca 7977 

aaggccgcgt tgctggcgtt tccccotagg 8037 

cgacgctcaa gtcagaggtg gcgaaacccg 8097 

r.ctggaogct ccctcgcgcg ctctcctgtt 0157 

gcctttctcc cttcgggaag cgtggcgctt 8217 
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tctcaatgct cacgctgtag gtatctc!.igt 
tgtgtgcacg aaccccccgt tcagcccgac 
qagtccaacc cqgtaaqaca cgacttatcg 
agcagagcga ggLatgiagg cggigciaca 
tocactogaa ggacagtatt tggtatctgc 
agagttggta gctcttgatc cggcdo^icda 
tgcaagcagc agattacgcg cagaaaaaaa 
acggggtctq acqctcaqtq qaacqaaaac 
tcaaaArigga tcttoacctd gatccclUCa 
agtatatatg agtaaacttg gtctgacagt 
tcaqcqatct gtctatttcg ttcatccata 
acgatacggg agggcutacc atciggcccc 
t.caccggct.c Ciigar.r.t.at.c ogcootoooc 
ggtcctgcaa ctttatccgc ctccatccag 
aotagcccQC caqccaacag tL'tqcgcaac 
tcacgctcgt cgtttggtnt ggcttcottc 
acatgatccc ccatgttgtg caaaaaagcg 
agaagLaaqL tggcugcagt qttatcactc: 
actgtcatgc catccgtaag atgcctttct 
tgagaatagt gtatgcggcg ar.cgngttgc 
qcqccacata qcaqaacttt aaaaqtqctc 
clcL-caagcja tcttaccyct gttgaqatcc 

igatcULcag caucicicac iLCcaccagc 

Afirgcrgcoa AAarigggaAr. Aogggcgaca 

tttcaatatt nttgaagcat ttatcngggr. 

tgtatttaga aaaataaaca natnggggtt 

gaaattgtaa acgttaatat tttgttaaaa 

ttttttaacc aataggccga aatcggcaaa 

atagggttga gtgttgttcc agtttggaac 

aacgtcaaag ggcgaaaaac cgtctatrag 

taatcaagtt ttttggggtc gaggtgccgt 



tcggtgtagg 


tcgttcgctc cangctgggc 


8277 


cgctgcgcct 


t»Ttccggt".aa ctatcgtctt 


8337 


ccactggcag 


cagccactgg taacaqqaLL 


8397 


gaqtkcttqa 


aqtgqtqqcc taaeiacggc 


8457 


gcccigcLga 


agccagLLac cttcggaaaa 


8^)17 


accaccgctg 


gtagcggtgg tttttttgtt 


8&?7 


ggatctcarjg 


ncigatccttt gatcttttct 


8637 


tcacgttaag 


ggattttggt catqaqatta 


8697 


aatuaa^ai 


ijaagtctuaa atcaacccaa 


8757 


taccaar.gcr. 


T.rititcAgtgn ggcacctatc 


8817 


gttgcctgac 


tccccgtcgt gtagataact 


8877 


aqtgctqcaa 


tqataccqcq agacccacgc 


0937 


cogccagccg 


gaagggccg^ gcgcognogt. 


8997 


tctattaatt 


gttgccggga agctagagta 


9057 


qLLqLiqcca 


tLqctacaqq calcgLggcg 


9117 


ogctccggtt 


cccaacgatc ooggrgogtt 


9177 


gttagctcct 


tcggt-cctcc gatcgttgtc 


9237 


atqqttatgg 


cagcactgca taattutcLL 


9297 


glgaciggLg 


a^laoicaac caagtcatcc 


9357 


tcttgcccgg 


cgtcaatacg gg»itnatacc 


9417 


atcattggaa 


aacgttcttc qqqqcgaaaa 


9477 


aqttcqatqt 


aacccactcg tgcat^njaac 


9537 


gttlctgggt 


gagcaaaaac aggaaggcaa 


9597 


cggaaacgcc 


gaacacccac actcttrcrt 


9657 


r.*itcgtctca 


r.gagcgg'itn cntatttgaa 


9717 


ccgcgnoCrJt 


ttccccgaan agtgccacct 


9777 


ttcgcgttaa 


atttttgtta aatcagctca 


9837 


atcccttata 


aatcaaaaga atagaccgag 


9897 


aagagtcrac 


hattanagaa cgtggactcc 


9957 


ggcgntggcTf: 


cnrtacgtgs accatcaccc 


10017 


.-inngcrictrio 


ntcgg.iaccc taaagggagc 


10077 



10 



15 



20 



40 
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ccccgattto 


gagct iqacq 


gggaaagccg 


gcgaacgigg 


cqagaaagga 


agggaagaaa 


10137 


gcgaaaggag 


cgggcgccag 


qqcgctggca 


«igtgtagcQQ 


Lcacgctqcq 


cgtaaccacc 


10197 


acdcccgccg 


cgcttOcitgc 


gccgctacag 


ggcgcgtccc 


attcgccatt 


caqgctqcaa 


10257 


aiaaycqttg 


atattcagtc 


aatlaoaaac 


attaataacg 


aagagatgac 


agaaaaatt I 


10317 


tcattCLgtg 


acagagaaaa 


agttigccgaa 


gatqacqgtt 


tgtcacatgg 


agtcggcagg 


10377 


atgtttgeJtt 


aaaaacdtaa 


caggaagaaa 


aatgcccugc 


tgtqqqcgga 


caaaatagtt 


10437 


qgqaactggg 


aggggtggaa 


atqqaqtttt 


taaggrittat 


LLagggaaqa 


qtqacaaaat 


10497 


agatgqqaac 


tgggtgtagr. 


gtcgtaagct 


aatacgaaaa 


nraaaaatga 


caaaatagtt 


10557 


nggaactaga 


tttcacttat 


ctggttcgga 


tctcctaggc 


tcaagcagtg 


ntc.igoncco 


10617 


gacatgotriid 


gatacaiitqa 


tgagtttgga 


caoaccacaa 


ctagaatgca 


gtgaaaaaaa 


10677 


tgctttattt 


gtgnnotttg 


Lgatqctatt 


gctttatttg 


taaccaltat 


aaqctgcaat 


10737 


dciacaaglta 


acaacaacaa 


ttgcciJttcat 


Ultatgtttc 


aggttcaggg 


ggoggtgtgg 


10797 


gaggtttttt 


aaagcaaqlia 


aaac'ctctoc 


r:)a«)tgl'ggLa 


tggctgatta 


tgatcctcta 


1085)7 


gtacttctcg 


acnngctcgt 


cgaqactgca 


ggctctogat 


tcgaaagcqg 


cc 


10909 



25 



<210> 2 

<?.n> 879 

30 <212> PRT 

<213> Artificial sequence 

<220> 

<c223> IBDV VPl protein 

^ <400> 2 

Met Ser Asp Val t'he Asn Ser Pro Gin Ala Arg Ser Thr lie Ser Ala 
1 5 . 10 15 



Ala Phe Gly lie Lys Pro Thr Ala Cly Gin Asp Val Glu Glu Leu Leu 
20 25 30 

lie t'ro Lys Val Trp Val Pro Pro Glu Asp Pro Leu Ala Ser Pro Ser 
3b 40 45 

Arg Leu Ala Lys Phe T.eu Arq Glu Asn Gly Tyr Lys Val Leu Gin -I'ro 
^ 50 55 60 

Arg Ser Leu Pro Glu Aan Glu Glu Tyr Glu Thr Asp Gin lie Leu Pro 
65 70 75 00 

50 Asp Leu Ala Trp Met Arg Cln lie Glu Gly Ala Val Leu Lys Pro Thr 

85 90 95 

Leu Ser Lea Pro He Gly Asp Gin Glu Tyr Phe Pro Lys Tyr Tyr Pro 

100 105 no 



55 



EP 1 621 612 A1 



10 



15 



Thr Ilia Arg Pxo Ser L^/n Clu Lys Pro Asn Ala Tyr Pro Pro Asp lie 
115 120 125 

Ala Leu Leu Lys Gin Met He Tyr Leu Phc; Lev Gin Val Pro Glu Ala 
130 135 140 

Asn Glu Gly Lon Lys Asp Glu Val Thr Leu Leu Thr Gin Asn lie Arg 
145 150 155 160 

Asp Lys Aio Tyr Gly Ser Gly Thr Tyr Met Gly Gin Ala Asn Arg T.eu 
165 170 175 

Val Ala MeC Ly» Glu Val Al.^ Thr Gly Arq Asn Pro Asn Lys A^p Pro 
180 185 190 

Leu Lya Leu Gly Tyr Thr Phe Glu Ser lie Ala Gin Leu T^u Asp He 
195 200 205 

Thr Lft\j Pro Val Gly Pro Pro Gl.y Glu Asp Asp Lyn Pro Trp Val Pro 
210 215 220 

L(>u Thr Arq Val Pro Scr Arg Met Leu Val Lou Thr Gly Asp Val Asp 
225 230 235 240 

Gly Asp Phe Glu Val Glu Asp Tyr Leu Pro Lys Tie Asn Leu Lys Ser 
245 ^50 255 

S«r Ser Gly Leu Pro Tyr V3I Gly Arg Thr Lyo Cly Glu Thr He Gly 
260 265 270 

Glu Met He Ala He Scr Asn Gin Phe Leu Arg Clu Leu Ser Tlir Leu 
30 275 280 285 

Leu Lys Gin Gly Al.i Cly Thr Lys Gly Scr Asn Lys Lys Lys Leu Leu 
290 295 300 

Ser Met Leu Scr Aap Tyr Trp Tyr Leu Scr Cys Gly Leu Leu Phe Pro 
^5 305 310 315 320 

Lys Ala Glu Arg Tyr Asp Lys Ser Thr Trp T.eu Thr Lys Thr Arg Asn 

325 330 



20 



25 



40 



He Trp Ser Ala Pro Ser Pro Thr Uis Lfti) Mel He Ser Met He Thr 
340 345 350 

Trp Pro Vri3 Mel Ser Asn Ser Pro Asn Asn Val Leu Asn Tic Clu Gly 
355 360 365 

45 Cya Pro.Ser Leu. Tyr, Xys Phe Asn Pro Phe Arg G3y Cly Leu .Asn Arq • 

370 375 380 

He Val Glu Trp 13 e Leu Ala Pro Glu Glu Pro Lys Ala Leu Val Tyr 
385 390 395 ^00 



50 



Ala Asp Asn He Tyr lie Val His Ser Asn Thr Trp Tyr Ser Tie Asp 
40i? 410 415 

Leu Glu Lys Gly Clu Ala Asn Cys Thr Arg Gin His Met Gin Ala Ala 
420 425 430 
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Mot Tyr Tyr lie Leu Thr Arg Gly Trp Set Asp Asn Gly Asp Pro Met 
435 ^40 445 



Phe Asn Gin Thr Trp Aid Thr Phe Ala Met Ar»n Tic Alo Pro Ala T.eu 
^50 455 460 

Val Val Asp Ser Ser Cys Leu lie Met Asn Leu Gin lie Lys Thr I'yr 
465 470 475 480 

Gly Gin Gly Ser Gly Asn Ala Ala Thr Phe Ile Aan Aari his Leu Leu 
48b 490 495 

Ser Thr Leu Val Leu Asp Gin Trp Asn Leu Met Arq Gin Pro Arq Pro 

500 505 ' 510 

Aso Ser Glu Glu Phe Lys Ser lie Glu Asp Lys Leu Gly lie Asn Phe 
515 520 525 

Lys lie Glu Arg Scr Ilc% A.sp Asp ile Arg Gly Lys Leu Arg Gin Leu 
•330 535 540 

Val Leu Leu TUa Gin Pro Cly Tyr Leu Ser Gly Gly Val Glu Pro Glu 
645 550 iiSS 560 

Gin Ser Ser Pro Thr Vol Glu Leu Asp Leu Leu Gly Trp Scr Ala Thr 
565 570 575 

Tyr Ser Lys Asp Leu Cly Tie Tyr Val Pro Val Leu Asp Lys Glu Arg 
500 585 590 

Leu Phe Cys Sor Alo Ala Tyr Pro Lys Gly Val Giu Asn Lys Ser Leu 
595 600 605 

Lys Scr Ly?5 Vnl Cty lie Glu Gin Ala Tyr Lyfs Vni Val Arg Tyr Glu 
610 615 620 

Ala Leu Arg Tieu Val Gly Gly Trp Asn Tyr Pro Leu Leu A^n Lys Aid 
625 630 635 640 

Cys Lyn Asn Asn Ala Gly Ala Ala Arg Arg His Leu Glo Aid T.ys Gly 
645 650 655 

Phe Pro L«u Asp Glu Phe Leu Ala Clu Trp Ser Glu Leu Ser Glu Phe 
660 665 670 

Gly Glu Ala Phe Glu Gly Phe A«n Tie Lys Leu Thr Val Thr Ser Glu 

67b 680 685 

Ser Leu Ala Giu Lciu A<in l.y$ fro Val Pro Pro Lys Pro Pro Asn Val 
690 695 700 

Asn Arg Pro Val Asn Thr Gly Gly Leu T.ys Ala Val Ser Asn Ala Leu 
705 710 715 720 

Lys Thr Gly Arg Tyr Arg Asn Glu Ala Gly Leu Scr Gly Leu Val Leu 

725 730 735 

T.GU AJa Thr Ala Arq Ser Arg Lou Cln Asp Ala Val Lys Ala Lys Ala 
740 745 750 
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Asp Asp Pro Asp Ala A^p 
765 



Leu Leu Clu T.ys Ala Asp 
780 

Val Glu Thr Ser Asp Ala 
795 SOO 

Thr Pro Ly» Tyr Pro Glu 

Val Val Glv Leu His Leu 
03O 

Ala Leu Leu Gly Ala Gly 
B45 

Thr TVrg Scr Lys A^n Aid 
»60 

Lys Glu Scr Arg Gin 

875 



<210> 3 

<211> 13 

<?A?> PRT 

<213> Infectious bursal disease virus (IRDV) 

<^00> 3 

Gly Aro Trp He Arq Thr Val Scr Asp Glu Asp Leu Glu 
1 5 10 



<210> 4 
<211> 37 
<n?.> DNA 

<213> Artificial sequence 

<223> 5' primer oligonuci^ioti de u$«d for generating the different 
dGlGtion muLaiiti> of the terminal r^a^boxy end of Hia-VP3 in 
combination with SEQ. ID. NO: 5, SEQ. ID. NO: 6, SEQ. ID. NO; 
SEQ. ID. NO: 8 rind SRQ- ID. WO: 9, rcsp©cr-ivft 1 y 

<>I00> 4 

gggggaatr.o atgocalcaq aqttcaaaga gaccccc . 37 



<7A0> 5 
<211> 31 
<21?.> DNA 

<213> Artificial sequence 

<223> 3' primer oTigonucleotide used for generating His-VP3A248-257 
inucanl in combination with SEQ. ID. NO: 4 



Glu Ala Glu Lys Leu His Lys Ser Lys Pro 
755 760 



Trp Phe Glu Arg Scr G.lu Thr Leu Ser Asp 
770 , 775 

lie Ala Scr Lys Val Ala His Ser Ala Leu 
78r) 790 

Leu Glu Alo Val Gin Ser Thr Scr Val Tyr 
805 810 

Val Ly.s Asn Pro Gin Thr Ala Scr Asn Pro 
820 825 

Pro Alo T.ys Arg Ala Thr Gly Val Cln Ala 
835 840 

Thr Ser Arg Pro Met Gly Met 03 u Ala Pro 
850 855 

Vril T.ys Met Ala Lys Arg Arg Cln Arg Gin 
865 870 
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<400> 5 

cgcgggtacc ttoccogcgg cccagccqac c 31 



<210> G 
<211> 33 
<2i2> UNA 
10 <213> Artificlnl sequence 

<223> 3' primer oligonucleotide used for generating His-VP3A213-^S7 
rautrint in combinalion with SKQ. ID. NO: 4 

<400> 6 

cgcgggtacc ttaaccaggg ggtctctqtq ttq 33 



<210> 7 
<211> 33 
<212> DNA 

<2l3> Artificial sequence 

<223> 3' primer oligomicicsoti de used for generating His-VP3A23a-;it57 
mutant in combination with Sii;Q, ID. NO: 4 

<400> 7 

cgcgggtacc ttatgttggd gcaitggytt ttg 33 



30 <210> 8 

<211> 31 
<212> DNA 

<213> Artificial frequence 

35 <223> 3' primer oligonucleotide uflod tor generating Hi S-VP3A233-2S? 

mutant in comJOinrition with SEQ. ID. NO: 4 

<40G> 8 

cgcgggtacc ttattttggc ttgggctttg g 31 

40 

<210> 9 
<212> DNA 

<213> Artificial sequence 

45 

<223> 3^ primtir oligonucleotide used lor generating His-VP3A228-257 
mutant in combination with SEQ. ID. NO: 4 . - ■ 

<400> 9 

cgcgggtacc ttatggtaga gcccgcctgg g 31 



55 
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Claims 

1. A gene construct comprising (i) a nucleotide sequence comprising the open reading frames con-esponding to the 
poiyprotein of the infectious bursal disease virus (1BDV) operatively bound to a nucleotide sequence comprising a 
first promoter and (ii) a nucleotide sequence comprising the open reading frame corresponding to the IBDV VP1 
protein operatively bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is 
different from said second promoter. 

2. A gene construct according to claim 1 , wherein said first promoter is a viral promoter and said second promoter is 
a viral promoter different from said first promoter. 

3. A gene construct according to claim 1 or 2, comprising: 

(i) a nucleotide sequence comprising the open reading frames corresponding to the poiyprotein IBDV operatively 
bound to a nucleotide sequence comprising a first promoter of a baculovims, and 

Cii) a nucleotide sequence comprising the open reading frame con^esponding to the IBDV VP1 protein operatively 
bound to a nucleotide sequence comprising a second promoter of a baculovirus, 

wherein said first baculovirus promoter is different from said second baculovirus promoter. 

4. A gene construct according to claim 3, wherein said first baculovirus promoter is selected from the promoter of the 
p1 0 protein of the baculovirus Autographa califomica nucleopolyhedrovlrus (AcMNV) and the promoter of the pol- 
yhedrin of the baculovirus AcMNPV. 

5. A gene construct according to claim 3, wherein said second baculovirus promoter is selected from the promoter of 
the AcMNPV plO protein and the promoter of the AcMNPV polyhedrin. 

6. A gene construct according to claim 3, wherein said first baculovirus promoter is the promoter of the AcMNPV pi 0 
protein and said second baculovims promoter is the promoter of the AcMNPV polyhedrin; or wherein said first 
baculovirus promoter is the promoter of the AcMNPV polyhedrin and said second baculovirus promoter is the 
promoter of the AcMNPV pi 0 protein. 

7. A gene construct according to any of claims 1 to 6, comprising the nucleotide sequence identified as SEQ. ID. NO: 1 . 

8. An expression system selected from: 

a) an expression system comprising a gene construct according to any of claims 1 to 7, operatively bound to 
transcription, and optionally translation, control elements; and 

b) an expression system comprising (1 ) a first gene construct, operatively bound to transcription, and optionally 
translation, control elements, wherein said first gene construct comprises a nucleotide sequence comprising 
the open reading frames conresponding to the IBDV poiyprotein operatively bound to a nucleotide sequence 
comprising a first promoter, and (2) a second gene construct, operatively bound to transcription, and optionally 
translation, control elements, wherein said second gene construct comprises a nucleotide sequence comprising 
the open reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence 
comprising a second promoter. 

9. An expression system according to claim 8, comprising a gene constmct, operatively bound to transcription, and 
optionally translation, control elements, wherein said gene constmct comprises (i) a nucleotide sequence comprising 
the open reading frames corresponding to the IBDV poiyprotein operatively bound to a nucleotide sequence com- 
prising a first baculovirus promoter and (ii) a nucleotide sequence comprising the open reading frame corresponding 
to the IBDV VP1 protein operatively bound to a nucleotide sequence comprising a second baculovims promoter, 
wherein said first baculovirus promoter Is different from said second baculovirus promoter. 

10. An expression system according to claim 8, comprising (1) a first gene construct, operatively bound to transcription, 
and optionally translation, control elements, said first gene constmct comprising a nucleotide sequence comprising 
the open reading frames corresponding to the IBDV poiyprotein operatively bound to a nucleotide sequence com- 
prising afirst baculovirus promoter, and (2) a second gene constmct, operatively bound to transcription, and optionally 
translation, control elements, said second gene construct comprising a nucleotide sequence comprising the open 
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reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence connprising a 
second bacuiovirus pronnoter. 

11. An expression system according to claim 10, wherein said first bacuiovirus promoter and said second bacuiovirus 
promoter are equal to or different from one another. 

12. An expression system according to any of claims 8 to 1 1 , selected from plasmids, bacmids, yeast artificial chromo- 
somes (YACs), bacteria artificial chromosomes (BACs), P1 bacteriophage-based artificial chromosomes (PACs). 
cosmids and viruses, which can optionally contain a heterologous replication origin. 

13. A host cell containing a gene construct according to any of claims 1 to 7, or an expression system according to any 
of claims 8 to 12. 

14. A cell transfomned, transfected or infected with an expression system according to any of claims 8 to 12. 

15. A cell according to either of claims 13 or 14, selected from animal cells and bacteria. 

16. A cell according to claim 15. characterized In that it Is the bacteria identified as DH5-pFBD/Poly-VP1 which is 
deposited in the CECT with deposit number CECT 5777. 

17. A cell according to claim 15, selected from insect cells, bird cells and mammal cells. 

18. A dual recombinant bacuiovirus simultaneously expressing the IBDV polyprotein and the IBDV VP1 protein from (i) 
a nucleotide sequence comprising the open reading frames con-esponding to the IBDV polyprotein operatively bound 
to a nucleotide sequence comprising a first bacuiovirus promoter, and from (ii) a nucleotide sequence comprising 
the open reading frame corresponding to the IBDV VP1 protein operatively bound to a nucleotide sequence com- 
prising a second bacuiovirus promoter, wherein said first bacuiovirus promoter is different from said second bacu- 
iovirus promoter. 

1 9. The use of an expression system according to any of claims 8 to 1 2, or of a dual recombinant baculovims according 
to claim 1 7, for the production of whole empty viral capsids of IBDV. 

20. A process for the production of whole empty viral capsids of the infectious bursal disease virus (IBDV) [whole IBDV 
VLPs] comprising culturing a host cell according to any of claims 13 to 17, and if desired, recovering said whole 
IBDV VLPs. 

21 . A process according to claim 20, wherein said host cell is a cell transf omied, transfected or infected with an exp ression 
system comprising a gene construct comprising (i) a nucleotide sequence comprising the open reading frames 
corresponding to said IBDV polyprotein operatively bound to a nucleotide sequence comprising a first promoter and 
(ii) a nucleotide sequence comprising the open reading frame con-esponding to said IBDV VP1 protein operatively 
bound to a nucleotide sequence comprising a second promoter, wherein said first promoter is different from said 
first promoter. 

22. A process according to claim 20, wherein said host cell is a cell transf omned, transfected or infected with an expression 
system comprising a gene-construct comprising (1) a first gene construct comprising a nucleotide sequence com- 
prising the open reading frames con-esponding to said IBDV polyprotein and (2) a second gene construct comprising 
a nucleotide sequence comprising the open reading frame con-esponding to said IBDV VP1 protein, each one of 
said nucleotide sequences comprising the ORFS con-esponding to the viral polyprotein and to the IBDV VP1 protein 
being under the control of respective nucleotide sequences comprising respective promoters, equal to or different 
from one another. 

23. A process according to either of claims 21 or 22, wherein said host cell Is an Insect cell. 

24. A process according to claim 20, wherein said host cell is an insect cell, comprising the steps of: 

a) preparing an expression system made up of a dual recombinant bacuiovirus comprising a gene construct 
comprising (I) a nucleotide sequence comprising the open reading frames con-esponding to the IBDV polyprotein 
operatively bound to a nucleotide sequence comprising a first bacuiovirus promoter, said gene construct being 
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operativety bound to transcription, and optionally translation, control elements, and (ii) a nucleotide sequence 
comprising the open reading frame corresponding to the I6DV VP1 protein operatively bound to a nucleotide 
sequence comprising a second baculovirus promoter, said gene construct being operatively bound to transcrip- 
tion, and optionally translation, control elements, wherein said baculovims promoter is different from said second 
5 baculovirus promoter; 

b) infecting Insect cells with said expression system prepared in step a); 

c) culturing the infected insect ceils obtained in step b) under conditions allowing the expression of the recom- 
binant proteins and their assembly to form whole IBDV VLPs; and 

d) if desired, isolating and optionally purifying said whole IBDV VLPs. 

10 

25. A process according to claim 20, wherein said host cell is an insect cell, comprising the steps of: 

a) preparing an expression system made up of (1) a first recombinant baculovirus comprising a gene construct 
comprising a nucleotide sequence comprising the open reading frames con-esponding to the IBDV polyprotein 

15 operatively bound to a baculovims promoter, said gene construct being operatively bound to transcription, and 

optionally translation, control elements, and of (2) asecond recombinant baculovirus comprising a gene construct 
comprising a nucleotide sequence comprising the open reading frame corresponding to the IBDV VP1 protein 
operativety bound to a promoter of a baculovirus. said gene construct being operatively bound to transcription, 
and optionally translation, control elements; 

20 b) infecting insect cells with said expression system prepared in step a); 

c) culturing the infected insect cells obtained in step b) under conditions allowing the expression of the recom- 
binant proteins and their assembly to form whole IBDV VLPs; and 

d) if desired, isolating and optionally purifying said whole TBDV VLPs. 

25 26. Whole empty capsids of the infectious bursal disease virus (IBDV) [whole IBDV VLPs], obtained according to the 
process of any of claims 20 to 25. 

27. Whole empty capsids of the infectious bursal disease virus (IBDV) [whole IBDV VLPs], characterized by containing 
the VPX, VP2, VP3 and VP1 proteins of IBDV. 

30 

28. The use of whole empty capsids of the infectious bursal disease virus (IBDV) [whole IBDV VLPs], according to either 
of claims 26 or 27, in the manufacture of a medicament. 

29. The use according to claim 28, wherein said medicament Is a vaccine against the avian disease called infectious 
. 35 bursal disease. 

30. The use according to claim 28, wherein said medicament is a gene therapy vector, 

31. A vaccine comprising a therapeutically effective amount of whole empty capsids of IBDV [whole IBDV VLPs], ac- 
40 cording to either of dainns 26 or 27, optionally combined with one or more phamiaceutically acceptable adjuvants 

and/or vehicles. 

32. A vaccine according to claim 31, for protecting birds from the infection caused by IBDV. 

^ 33. A vaccine according to claim 32, wherein said birds are selected from the group fonned by chickens, turi<eys, geese, 
ganders, pheasants, partridges and ostriches. 

34. A vaccine for protecting chickens from the Infection caused by the infectious bursal disease virus (IBDV), comprising 
a therapeutically effective amount of whole empty capsids of IBDV, whole IBDV VLPs, acconjing to either of claims 

50 26 or 27, optionally combined with one or more phamiaceutically acceptable adjuvants and/or vehicles. 

35. A process for obtaining a dual recombinant baculovirus allowing the simultaneous expression In insect cells of the 
polyprotein of the infectious bursal disease virus (IBDV) and of the IBDV VP 1 protein from two independent open 
reading frames and each one of them controlled by a different baculovirus promoter, comprising: 

55 

a) constructing a plasmid canying a gene construct containing (i) a nucleotide sequence comprising the open 
reading frames con'esponding to the IBDV polyprotein operatively bound to a nucleotide sequence comprising 
a first promoter of a baculovirus, and (II) a nucleotide sequence comprising the open reading frame comesponding 
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to the IBDV VP1 protein operatively bound to a nucleotide sequence connprising a second pronrioter of a bac> 
uiovims, wherein said first baculovirus promoter is different from said second baculovirus promoter; 

b) obtaining a recombinant bacmid, allowing the simultaneous expression during its replicative cycle of the 
polyprotein and the IBDV VP1 protein under transcriptional control of said baculovirus promoters, by means of 
the transfomnation of competent bacteria with the plasmid obtained in a); and 

c) obtaining a dual recombinant baculovirus, allowing the simultaneous expression of the open reading frames 
corresponding to the polyprotein and the IBDV VP1 protein under transcriptional control of said baculovirus 
promoters, by means of transfomnation of insect cells with the recombinant bacmid of b). 

36. A process according to claim 35, wherein: 

- said first baculovirus promoter is the promoter of the AcMNV p1 0 protein and said second baculovirus promoter 
is the promoter of the AcMNPV polyhedrin, or vice versa; 

- the plasmid obtained in a) is the one identified as pFBD/Poly-VP1 ; 

- the competent bacteria of b) are £ coli DH1 OBac; 

- the recombinant bacmid obtained in b) is the one identified as Bac/pFBD/Poly-VPI ; and 

- the recombinant baculovirus obtained is the one identified as FBD/Poly-VPI . 

37. A process according to claim 35 or 36| further comprising the infection of insect cells with the dual recombinant 
baculovirus obtained in step c). 

38. A process according to claim 37, wherein said insect cells are H5 or Spodoptera frugiperda S1 9 cells. 
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